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PART I: STIJDIES BEARING ON IBE NUTRITION Of BANTU INFANTS AND Q-!ILDREN 
1. INTRODUCTION. 
The continent of Africa is inhabited by about 270 million 
persons of whom about 60 million are Bantu. They dwell mainly 
south of the Equator. South African Bantu number about 
11 million persons, of whom under a third are urbanised, and 
over a third each work on farms of Whites or live in the 
Native Reserves. These local Bantu are comprised of several 
ethnic groups, the largest of which are Zulu and Xhosa. While 
some communities of rural Bantu still live in a primitive 
manne~. others, mainly in urban areas, tend progressively to 
adopt a westernised type of diet and manner of life. The~ 
Bantu may therefore be observed in all stages of transition, 
in relation to patterns of diet, metabolism, and pathology. 
The studies undertaken and to be described concern primarily 
the nutrition of infants and children, the prevalence of 
certain deficiency diseases, and the handicap imposed by 
parasitism on nutritional state and other parameters. 
2. STUDIES ON INFANT NUTRITION. 
By far the most serious health problem among the 
Bantu concerns the high mortality and morbidity prevailing 
among the very young. The problem is most acute at weaning 
time and thereafter. It must be stressed, however, that 
although undernutrition~ and malnutrition are important 
factors in this adverse picture, a large measure of responsibility 
must be borne by ignorance, and by the operation of non-nutritional 
environmental factors (e.g. infections from overcrowding and 
poor hygiene, etc.). 
(i) The composition of Bantu breast milk (major nutrients)1 •2 
Analysis of a large number of samples of breast milk 
from Bantu mothers reveals the mean chemical composition to be 
similar in most respects to that of White mother's milk. 
r,I. S. Tl,e ...-efe-<eivi.CE.. nWV<1b0-<S "'-'f\'lj ltlho ll~ 
~o t\i e 1.\)/ ... t e.·/s ~1.1.bl1~0..hovis. 
6. 
Since Bantu mothGFS have milk of satisfactory composition and almost 
invariaaly lactate well, it is not surprising that for the first 6 
months of life, Bantu babies grow as rapidly, sometimes more 
rapidly, than White babies. Afterwards, when the yield of 
br€ast milk is insufficient for nutritional needs, and when 
weaning foods are nutritionally inadequate (see later), the 
state of health and rate of growth deteriorate. 
(ii) Low niacin concentration in Bantu breast milk. 3 
Since experimental studies on small animals 
have indicated that part ef the niacin in maize is present in a 
form not readily available for metabolism, it was thought 
worthwhile to determine if the concentration of this nutrient 
in the milk of Bantu mothers was prejudiced when they consume a diet 
high in maize products. This was found to be the case. 
The lower concentration of the nutrient, however, is still 
higher than that present in the mixture of 2 parts cow's milk 
to 1 part water, which has been used so extensively and 
successfully in the artificial feeding of ihite babies. 
(iii) Methionine concentration in Bantu breast milk.
4 
Arising from a report from West Africa that the 
' 
\!, 
level of methionine wtt-6 low in the breast milk of mothers consuming 
a low protein diet (mainly of vegetable origin), a study was made 
of the concentration of this amino acid in Bantu breast milk. 
Results showed the latter to have the same mean amount of 
methionine (and tryptophane) that has been found in milk from 
White mothers. 
(i V) Composition of food mixturesused in the weaning 
of Bantu infants. 5 
In the classic report of Brock and Autret on 
"Kwashiorkor in Africa" (1951) attention was drawn to the 
deleterious effects of the consumption of thin gruels of 
cereals and other local foods so frequently used in the weaning 
of African infants. In seeking to throw further light od the 
~roblem, we found that the mixtureG ussd ~ Bantu mothers in 
Johannssburg for weaning their babies almost invariably are 
defective in calories and in most nutrients. 
3. STUDIES BEARING ON TI-IE PREVALENCE AND OTP.ER ASPECTS OF 
DEFICIENCY DISEASES IN YOUl'K3 BANTU. 
(, ) 
\ J. Kwashiorkor: the relationship of nutritional oedema 
d t . 6 an swea 1ng. 
Probably the earliest balance studies on kwashiorkor 
patients in South Africa were undertaken by the writer in 
collaboration with Dr. E. Khan of Baragwanath Hospital. But 
since it rapidly became appa~nt that superior facilities and 
more satisfactory observations were being undertaken by 
7. 
Professor J.F. Brock and Dr. J.D.L. Hansen at Cape Town University, 
and Professor J.G.A . Davel and Dr. P.J. Pretorius at Pretoria 
University, the balance studies at Baragwanath Hospital were 
terminated. A study, however, on the relationship between 
nutritional oedema and sweating in kwashiorkor patients during 
recovery was carried out in association with Dr. Khan and reported. 
Observations showed that as the oedema subsided, the sweating mechanism, 
previously inhibited, tended to return to normal. 
' 
(ii) The rarity of scurvy in Bantu infants and children.7 
Scurvy in weaned Bantu infants and young children 
is extremely rarely seen in patients admitted to Non-European 
Hospitals on the Witwatersrand. Cur finding i of satisfactory 
levels of vitamin C in the plasma of groups of such persons is 
consistent with the virtual absence of the disease. Nevertheless, 
the source of the vitamin C, whether ingested, or, as has been even 
hazarded, synthesized, remains a mystery. 
(iii) Rickets in Bantu infants and young children in urban 
and rural areas. 8 
Studies on Bantu infants, carried out in essociation 
with paediatricians from Coronation Hospital (Drs.H.C. Falke, 
H. Cohen and A. Nestadt), indicate that where advantage be taken 
of available radiation,rickets pI'€sents no serious problem. 
Thus, the disease is common in urban Bantu infants, but rare 
in those dwelling in rural areas, (The situation is discussed 
further in Part II, in the section dealing with calcium 
metabolism in the B,ntu). Two specialized studies dealing 
. th th . d f t. · ' k t 9 • l O · d t · w1 para yro1 unc ion 1n r1c es were carr1e ou 1n 
association with Dr. L.S. Taitz, Baragwanath Hospital; the 
Unit was primarily responsible for the biochemical det_e.J,lninations 
involved . 
(iv) The rarity of Bitot's spots in Bantu school children. 
Bitot's spots have been seen in an eye of a Bantu 
·child once only out of some 10,000 children examined over a period 
of several years and during the course of carrying out many 
different types of study. The rarity, locally, of the stigma, 
whose a-et:i:'o..1..-,gy remains unknown al though ini ti ally ascribed 
to vitamin A deficiency, contrasts with its commonness 
elsewhere in Africa and India; for example, in one recent 
study reported from Bombay, 4 per cent of children were aff.cted. 
(v) The uncommonness of iron deficiency anaemia in 
Bantu school children. 11 
Haemoglobin (and to a less.r extent haematocrit) 
levels have been determined on several thousands of Bantu 
school children in different regions in the Transvaal. 
The general picture is that iron deficiency anaemia is very 
uncommon. Comparative values are given in Tables 4 and 5. 
Attention is drawn to our finding that a~ an altitude near 
sea level, at Komatipoort, Eastern Transvaal, m.an haemoglobi~ 
levels of post-adolescent boys and girls were 14.6 ~ 1.3 g./~ 
and 13.8 ~ 1.1 g./%, respectively, despite the presence of 
both types of bilharzia in over two thirds of the children 
studied (Tables 4 and 5). By any standards, such levels are 
very satisfactory. Higher than average haemoglobin levels 
8. 
have been found in children at a school in a Native Res€rv€ 
near Rustenburg, and som€what lower than average values 
have heen found in a school at Louis Trichardt. Both these 
Bantu child populations are being further investigated , 
The commendable values found in most Bantu children probably 
item from their relatively high iron intake (see Part II). 
It has been found that high mean haemoglobin values in 
groups of subjects (although not individuals) correlate with 
-u,"-,; higher than average iron concentration inAstools, and vice versa. 
The foregoing picture, which is in harmony with that found 
by Dr. M.L. Neser in studies recently undertaken on several 
9. 
hundred Bantu school children in Pretoria, stands in marked 
contrast to the high prevalence of iron deficiency anaemia reported 
by Dr. P.L. Lank)fowsky in Bantu pre-school children in Cape Town, 
also the high prevalences found in numerous studies on indigenous 
populations in other parts of Africa, also Middle and Far Eastern 
countries. 
(vi) The prevalence of clinical nutritional stigmata in 
groups of Bantu school children . 12 
Dr. S.D. Mistry (Indian physician) has carried out 
clinical studies on the pupils of several rural and urban 
schools in respect of ' growth, lesions of skin, mouth and eyes, 
ml:!sculat ure, and other parameters. It was found, broad! y, that 
where as the frequency of stigmata differed from school to 
school, and from area to area, in groups of pupils before 
puberty, differences were far less marked after puberty • 
• ,,1, •• 1 Indeed,in Johannesburg, for example, it was found that . groups 
J\ 
qf older pupils (15 + years) presented much the same nutritional 
picture, almost irrespective of t-he socio-economic level of the 
respective neighbo~ds. 
(vii) Comment. 
No studies have been carried out on beri-beri, since 
the disease extremely rarely occurs in the Bantu. No research 
work has been undertak€n on the bioch€mistry of pellagra in 
the young, because other South African workers, especially 
those at the C.S.I.R. National Nutrition Research Institute, 
Pretoria, have been and still are engaged on the problem. 
In summary, among Bantu children, by far the most 
serious nutritional deficiency disease in kwashiorkor. The 
metabolic aspects of its causation and treatment are now 
well understood, this being due in large part to the pioneer 
studies carried out at Cape Town. M)rbidity from scurvy, 
rickets, and iron deficiency anaemia is slight, although that 
from pellagra still remains a heal th problem. While there is 
good knowledge of the nutritional aspects of these diseases 
(causation and treatment) , the metabolic and other aspects 
still require much further research. 
4. DIETARY, ANTI-lROPOMETRIC, BIOCHEMICAL, AND OTHER STUDIES ON 
10. 
BANTU CHILDREN IN VARIOUS REGIONAL AND SOCIO-ECONOMIC GROUPS. 
As indicated in the Introduction, at present South 
African Bantu may be observed in all stages of transition -
primitive and sophisticated, indigent and better class, r~ral and 
urban. To thrCl'llight on the changing situation, various 
investigations, as opportunity offers, have been carried out. 
( i) J2ii!. 13 
Only general observations are being made with 
regard to diet, in view of the far more detailed studies now 
being undertaken by the Field Studies Group of the C.S.I.R. 
National Nutritiona:l Research Institute, Pretoria. Rough 
appraisal, however, reveals that the diet of privileged 
Bantu conforms in large measure to that of the poorer section 
of the White population. Information touching on the changes 
in regard of intakes of calories, protein, fat, ~alcium, and iron, 
is given in subsequent sections. 
( i i) . 14 15. 16 Rate of growth: Sk1nfold changes. • ' 
Many studies on growth have been carried out 
within the last ten years on different school child groups. 
At present, measurements are being made, not only of height 
and weight , but of arm girth and of skin folds (triceps, 
scapula , iliac, and 1nbilicus). Observations indicate that : 
(a) Current data on height and weight are significantl y superior 
to such measured ten years ago . (b) In the better class groups , 
e.g . Bantu children attending urban Secondary Schools , both 
11 . 
Lo"! • .,. (.,.,. ..... · .. 1 ~c.l..0<1( 
sexes have much the same mean height and weight as G-anaaiaR-
(roo" ~ ... o ... ~) l"l~S. 
children measured in~. (c) In respect of skin-fol ds , better /... 
class Bantu girls , although not boys , attain mean values 
exceedi ng those given in reports on contemporary White girls . 
While there is an insufficiency of calories among many of the 
young in rural areas , it is possible that a proportion of 
the better class urban groups have an excess of calories. o" 1:.~ .. 0 1::~,~ ~ ..... J. 
1i .. .l" f-.t- J.{4~ ... ·~1, ... h~ ... ""'"'' A.:H« .. ti"""~ ... ~i .;... so.. ... t .... """.1.. w~:\ ~ . 
Representative data are given in Tables 1 - 3 . 
(iii) 16 Onset of menarche . 
Inquiries are being pursued regarding the mean time 
of commencement of menstruation i n groups of Bantu girls 
diffEri ng in ethnic grouping, l ocality (urban , rural) , 
nutritional state , environmental temperature , and in other 
respects. While primitive indigent rural groups have a 
mean starti ng time of as late as 15.1 years , better class 
urban groups (e.g. Secondary School girls) have a starting 
time al most the same as that of overseas English girls , 
namely) 13.2 - 13.6 years. 
(iv) Haematological studies . 11 
This aspect has been discussed earlier, where 
attention was drawn to the very low prevalence of iron 
deficiency anaemia i n Transvaa l Bantu school children. 
Representative data are given in Tables 4 and 5. 
I 
(v) 17 Urinary nitrogen excretion and nitrogen partition... 
Series of 24-hour ~rine samples have been collected 
from pupils in different schools, usual! y from groups of 10 
12. 
boys and 10 girls of ages 16-18 years, i.e. post-puberty subjects. 
Observaticns indicate ~ urinary excretions of 7 - 8 g. nitrogen ,£ .... ._,~-. 
in the poorer schools, and 9 - 10 g. nitrogen in the better class 
schools. In Macy's study in U.S.A., the daily range for young 
American children was given as 7.8 - 11.0 g.; and in the well 
known investigations of Mccance and Widdowson on German children 
at Wuppertal, a mean figure of 9.5 g. nitrogen in the urine was 
1Yo .. \-6 ~t..,.\,~ 
found. Thus, the figures on the Bantu,compare not unfavourably 
with ~hose reported for overseas White children. The excretions 
of the Bantu are much higher than such obtaining among groups 
of children in other parts of Africa and in India. Regarding 
nitrogen partition in the uri ne, initial studies have been 
reported on groups of Bantu, Indian and White children. 
Determinations were made of urea nitrogen/total nitrogen 
percentage, and urea/creatinine ratio. The subject is being 
pursued further in view of certain anomalies that have been 
encountered. One point has become clear, however, namely, that 
in the same individual, the indices vary considerably from day 
....... .! to day; hencE, in respect of single spot
4
sample collections, 
only mean values for groups of subjects may be used for 
comparative purposes. 
(v) Serum protein fractionation: liver function tests. 16 
Representative data on these parameters are given 
in Table 6. Studies show higher serum protein levels in urban 
compared with rural groups, paralleling level of i++t-ak& of 
e_1'<;.1L"lli~ 
~~taiD nitrogen (also, of course, paralleling superiority in ,.. 
height and weight data, earlier time of onset of menarche, etc.) 
Regarding serum gamma globulin, it is noteworthy that:-
(a) In rural groups, mean values are significantly lower than 
such determined 10 years ago. (b) In both rural and urban areas 
m€an va1u€S are lower in upper class compared with poor Bantu. 
( c) J.iean val tlEs .Jre higher in bilhar.zial comp~rF.d with non-
bilharzial areas. These conclusions also apply, not 
(, .. 1:.~ 1,). 19 unexp€ctedly, to the liver function tests carried out~ In 
13. 
additien to the latter tests mentioned, several other liver function 
tests have been carried out, although the number of subjects 
studied is not yet sufficient to warrant corrunent. Representative 
data are given in Table 6. 
(vii) Serum Lipid levels. 16 
Data on serum cholesterol levels are given in Table 7. 
Levels for Secondary School Bantu children are only slightly 
lower than such on local White children. Levels of serum 
phospholipid, beta-lipoprotein, and triglycerides, as expected, 
are low, means of 210 mg., 120 mg., and 40 mg./~. respectively, 
having been obtained for rural population groups. 
(viii) 16 Other biochemical parameters. 
(a) Urinary excretion of calcium. Studies in groups of 
pupils (10 boys and 10 girls) in six schools, have given excretions 
of 30 - 75 mg. calcium per 24 hours. These values are much lower 
than those prevailing with White children. (h) Urinary excretion 
of sodium chloride. Average daily excretions averaged about 
1:.,._~,.t.t,o"'S 
9 g. salt. I-rrtake-6 differed only slightly from school to school. 
(c) Urinary steroid excretion. Limited data on the excretion 
of 17-ketosteroids and 17-hydroxy-corticosteroids in 24-hour urine 
samples reveal that mean levels of both components are lower in 
Bantu compared with ~~ite children. This finding has been 
reported for other less privileged groups. (d) Urinary excretion 
of albumin. Excretions are lower in magnitude and in frequency 
in children in urban compared with rural regions, and, not 
surprisingly, are lower in school groups without bilharzia, compared 
with those with bilharzia. Even in groups with intense urinary 
bilharzia, however, the excretion of albumin is l€ss frequent 
than in such groups in Central Africa. (e) Sugar in urine. The 
excretion of sugar is very rare in Bantu children; never more than a 
trac€ has b.en encountered in several thousands of urine samples 
examined. 
(ix) Blood pressures. 
Representative data are given in Table 8. 
Pressures appear to rise with socio-economic state, and with 
urbanisation. They are higher in certain groups of girls than 
in boys. 
5. FOREWORD TO TABLES ILLUSTRATING CHANGES IN VARIOUS 
PARAMETERS IN BANTU 01ILDREN. 
The following tables are given to provide a 
general picture of the observations already referred to; they 





The data given are not complete. 
The numbers in certain groups of persons studied 
w:11 require to be considerably augmented. 
The appropriate statistical treatment will be given. 
14. 
(i) M:thods €mploy€d in th€ obtaining of data given in 
the tab1€S or referr€d to previously. 
H€ights and w€ights. The h€ight and weight figures refer to 
subjects without shoes on, but wearing their everyday 
cloth€s. 
Blood pressures. These were d€tsrmined on subjects in the 
sitting position. In the measurement of diastolic 
pressure, the disappearance of sound was tak€n as the 
end point. While usually three measurements of 
pressures were made, the dat a reported must be taken 
as referring to "casual II pressures. 
Haematology. Erythrocyte sedimentation rate was determined 
by the Wintrobe method . The tubes were spun at 3,000 
r.p.m. fort hour to obtain packed cell volume. 
Haemoglobin determination were carried out by the 
oxyhaemoglobin method, and read from a graph constructed 
using a sample of known haemoglobin concentration. 
The graph was further checked by determining the iron 
concentration in a series of bloods, and from such 
values calculating haemoglobin concentrations. 
Protein fractionation and liver function tests. Total serum 
protein was determined by the m~cro-Kjeldahl method. 
15. 
The fractionation was undertaken by paper electrophoresis, 
using Beckman Spinco cells, staining with bromo-phenol 
blue (methanol solution), and scanning with the Spinco 
Analytrol. Thymol turbidity was determined using the 
method of MacLagan (Brit. J. Exp. Path.,~. 234, 1944), 
and thymol flocculation by the method of Neefe and 
Rheinhold (Gastroenterology, 2, 393, 1946). 
Serum Lipids. The following methods were used:-
Serurn cholesterol (Pearson, modified by Van Boetzer 
and Zonda.g, Clin. Chi m. Acta, 2• 943, 1960 ) . 
Phospholipid (Fiske and Subbarow, J. Biol. Chem. , 
66, 1943, 1960) • 
Beta-lipoprotein (Burstein et al. Clin. Chem . Acta., 
,2. , 943, 1960). 
Triglycerides (Van Handel a nd Zilversmit , J, Lab . Clin. 
Med., 50, 152, 1957). - -
16. 
Glycosuru_. Glycosuria was detected using Clinistix, Tes-tape, 
also Clinitest for semi-quantitative estimation. 
Aibuminuria. Albustix was used. 
17-ke t osteroi_st; and 17-hydroxy-corticos teroids. Formerly, t he 
methods followed were mainly those of Norymbers ki et al. 
(L ancet, i, 1276 , 1953) and ot hers . 1'vbre recently , the 
methods evo l ved by the M.R.C. Committee have been adopted 
(Lancet, i, 1415 , 1963). 
TlillJJ ; 1. 
HE.AN DATA ON HEIGHT, WEIGHT, AND .. Ull1 GIRTH OF GROUPS 
OF BANTU BOYS AT 14-15 YEARS 
- -
Population Groups no . of Height Feight Arm Girth 
,Subjects (in.) (lb.) (in.) 
Mean & Mean & Nean & 




Poor Primary School. 15 55.7 67.2 7,.3 
'11swcna. (1954) 2.2 14.1 o.s 
Ditto. (1964) 18 58,l 75.1 7.5 
2.4 15.2. 0.7 
Higher Primary School. 28 58,3 77,3 7.7 
'j}swana. (1963) 2.3 14.9 0.9 
Primary School. 19 58.5 86.0 8.1 
Zulu. (1963) 2.5 15.1 o.e 
Seeondary School 28 59.5 80.6 8,0 
'J~swana (1963) 2,4 14.4 1.0 
Urban. 
' 
Poor Primo.r'J School. 38 59.7 s7.2 8.1 
}fiJ:ed. (1964) 2.5 14.2- 0.9 
Hi gher Primary School . 46 59,9 90.3 s.3 
(1963) 2.3 13.9 0.8 
Secon6.8.ry School . 55 60.8 104.3. s. 2. 
(1964) 2.4 14.7 1.0 
Cape 1.rown. 62.75 102 .. 0 
vihi tes. (1958 )1 
~om'on. 61.0 99 .. 7 
Council School. (Poor) . -(1945-52)"" 
Canad.a. (1953)3 62.2 107 
Iowa. U. S.A. (1945) L> 63.2 ]13,.0 
N.B. 14-15 years implies the period 14.00 - 14.99 years. 
1. Lurie,G.M., and Ford,F.J. s .Afr.Med.J., 32: 1017, 195a. 
2. Hammond,VI.H. Brit , J.Prev. Soc. Med., 1= 231 , 1953. 
17 
3. Pett,L.B., and Ogilview, G.F. In: Body Measurements and Human Nutrition. 
~d. J.Brozek. Wayne University Press,Detroit, Mitchigan, 1956. 
4, Eppright,E . s ., and Sidwell ,V.D. J ,Nutr., 54: 543, 1954, 
H:CAN DATA ON HEIGHT, WEIGHT, AND ARM GIRTH OF GROUPS 
OF BANTU GIRLS 14-15 YEARS 
18 
-
Population Group. No . of Height Weight Arm~ Girtl 
Subjects (in.) (lb,) (in.) 
Mean & Mean & Mean & 
S.D. S.D. S.D. 
Rural. 
Poor Primary School. 15 57.9 72.0 7.9 
Tswana. (1954) 2.4 13.9 o.8 
:Ditto . (1964) 18 5e.3 81.4 8.1 
2.3 14.2: 0.7 
Higher Primary School. 24 59.1 s4.6 a.3 
rr• swana. (1963) 2.5 15.1 0.9 
Primary School-. 19 59.6 94.l 8.8 
Zulu. (1963) 2..4 14.9 o.8 
Secondary School. 24 59.7 90.2. 9.0 
Tswana. (1963) 2.5 14.7 0.9 
Urban. 
Poor Primary School •. 25. 60.2. 96.4 8.8 
:Mixed. (1964) 2.4 14.6 o.s 
Higher Primary School:. 28 60.5 97 .6 9.0 
(1963) 2.6 15.1 1.0 
Secondary School. 41 60.9 109.1 9.8 
(1964) 2.5 14.7 0.9 
Cape Town. 
V·hltes. c19se r 6~.5 1Cll4.0 -
London. 
Council School. (Poor) 
(1945-52'.)~ 
60.2 100 8 -
Canada. (1953p 61.3 107.0 -
Iowa. U.S.A. (1945)1t- 62.71 ll]3).0, -
19 
T.AJ3Lt 3 
MEAN DATA ON SKIN FOLD MEASUREMENTS OF BANTU SCHOOL CHILDREN 
Population No . of Skinf olds (mm. ) 
Group Subjects Triceps Scapula Iliac Umbilicus 
Rural . 
Poor Primary 17 6. 3 5. 1 4,4 4,4 
School. 
10-11 years . 
Higher Primary 27 6. 6 6. 6 6. 6 6. 5 
School. 
15- 1 7 years. 
Urban. 
Poor Primary 22. 6. 4 5. 2 5. 6 4. 9 
School. 
10-11 yea:rs. 
Higher Primary 2-5 6.7 6. 5 6. 8 6. 6 
School . 
15- 1 7 years. 
Secondary 2.6 a.4 1. 1 7. 6 a.1 
School •. 
15- 17 years . 
London. 7. 5 7. 7 - -Government 
School. 
l 15- 1 7 yea:rs. 
United States 36 10. 5 10.0 - -High School . 2 14. 5-18. 5 yeors . 
References:-
1 . Tanner, J .u. and Whi tehous e, R. H. Standards for sub-
cutaneous fat in British children. Brit . Med. J., i: 
446 , 1962. 
2.. Novak, L. P. Age and seep._ifferences in body density and 
creatinine excretion of high school children. 
Ann. New York Acad. Sci . , 110: 545, 1963. 
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TAB!l : 3A 
ME '_N DATA ON SKIN FOLD 113.:~SUREMENTS OF BANTU SCHOOL CHILDREN 
GIRLS 
- ·- · 
Population No. of Skinfolds (mm. I 
Group Subjects 11riceps Scapula Iliac Umbilicus, 
------
_!lural . 
Poor Primary 19 7.4 5.1 5.1 5.7 
School. 
10-11 years. 
Higher Primary 31 13.3 10.4 9.4 12.4 
School. 
15-1 7 years . 
-
Urban. 
Poor Primary 17 9~ 2- 5.9 5.7 6.41 
School. 
10-11 years. 
Higher Primary 35 15.2. 10.7 11.8 12:.1 
School. 
15-17 ye8Xs. 
Secondary 45 21.3 15.6 12.4 15.6 
':, chool. 
15-1 7 years. 
London 
Government 14.0 10.5 - -School. 1. 15-17 years. 
United States. 
High Schoo!. 




H.:.:'.JiJ H.'~DiOGLOBIN CONC~N TRATIONS IN GROUPS O.F .BANTU CHILDREN : 
AT 10-12 YEARS 
Population Group Bors Girls 
No . of Haemoglobin No . of Haemoglobin 
Subjects c' Subjects g.'/o. (!; • 1" • 
-
RUPJ~L. 4000-6000 ft. 
Primc1ry School 24 14.5 18 14.4 
Higher Primary School 27 14.8 21 14.6 
--- -f<---------~ 
UBJ3iili . -- 4000-6000 ft. 
Primary School 29 15.1 26 14.9 
Higher Primary School 33 15.4 29 15.0 
- --· --
UPJ31il-1 • 4000-6000 ft. 
,.-1hi t e children z.5 ,s., '.).0 14-. i 
i=n~. 1000 ft. 
Primary School.(Bantu 36 13.4 36 13.1 
Dutch children.I 22 13.5 109 13.4 
(12 years) 
Norwegi~n children. 2 13.2 13.1 
(10-13 yeaxs) 




1. :Je ,-ijn. Ned. T. Geneesk., 105: 1028, 1961. 
2. Natvig, H., Bjerkedal., T., and Jonassen, o. 
Acta Med. Sca.nd., 114: 351, 1963. 
3. Leichscring, J.M., Norris, L.M., Lamison, 3.A., and 
Halbert, ?·I.L. AmEr. J. Dis. Child., .2Q.: 159, 1955. 
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TP.BL:.:; 5. 
MELN H..\EMOGLOBIN CONCENTRATIONS IN GROUPS OF BANTU SCHOOL CHILDREN 
i?,.T 16-18 YEARS OLD 
- . 
Population Group .. Bo:\ s Girls 
Ho. of Haemoglobin No. of Haemoglobin 
Subjects (; g . jo. Subjects g.7,. 
ltURA.L. 4000-6000 ft. 
Hi gher Primary School 25 15.5 19 14.6 
Scconde..ry School 22. 15.e 21 15.2 
- -· 
UPJ3!0l . 4000-6000 ft. 
Higher Primary s ·chool 21. 16.4 39 15.1 
Secondary School 25 17.6 25 15.3 
_URBAN . 1000 ft. 
lo a Primary School. Bontu 31 14.'S. 13 13.1, 
·-· ----
Dutch children. 
(16-17 years.) 1 152 14.75 240 13.6 
U. S. A. Fhi te children~ - 15.1 - 13.0 
(16 years) 3 
22 
TABI2 6 
MEAN DATA ON SERUM PROTEIN FRACTIONATION AND LIVER FUNCTION TESTS 
IN GROUPS OF BANTU BOYS AND GIRLS 
I 
Total Serum Serum Globulin Fractions g./% Serum Serum ~opulat-1 
ion Serum Albumin Globulin 'rhymol 'I1hymol 
Group Protein g./% g./% Turb- Flocc-I • 
cJ.. I tA,. (J y idity ulation ·o;. g • .,. \i 
I 
Rural I 
1 6. 95 3. 25 3.70 0.29 0. 72 0.81 1 .. 88 7Cf/o 84% 
0. 49 0. 38 0.41 o.os 0.17 0.161 0.35 ( 2 -ve 
I I 
I 
2 6.78 3.07 3.71 0.27 0.71 0. 79 1.94 67% 7c.f/c 
0. 55 0.44 0.45 0.11 I 0.19 0.18 0.38 ( 2 -ve 
Urb1m 
1 7. 25 3.80 3.42 0.33 0.69 0.75 1.65 72cjo 88°/o 
I 
0.51 0.42. 0.39 0.09 0.16 0.14 0.32. ( 2 -ve 
l i t ·e-s. 6.85 3. s5 3.00 0.30 0.70 o. a5 1.15 
0.48 0.51 0.42 o.os 1 0.15 0.13 0.36 
Rural 1. Poor and middle class children. 19 boys, 17 girls. 
Age s 14 - 16 years. 
2. Poorer children in bilharzial region. 17 boys, 16 girls. 
J.ges 13 - 16 years. 
Urban 1 . Poor and middle class children. 2l boys , 17 girls . 
Ages 15 - 17 yenrs. 
Whitms 1:hite South African children. 12 boys, 9 girls . 









TABtE 7. MEAN DATA ON SERUM CHOLESTEROL CONCENTRATION IN 
GROUPS OF BANTU BOYS AND GIRLS 
Population Group Age No. of Serum Cholesterol 
Group 
(y ears) 
sub j ects g./.% 
Mean S.D. 
Rural : 
Poor Primary 12-15 25 boys 144 41 
School. 20 girls 149 43 
Hi gher Primary 12-16 31 boys 149 39 
School. 21 girls 153 4~ 
Secondary 13-16 19 boy s 160 46 
School. 20 girls 167 47 
---
Ur b an : 
Poor Primary 12.-15 25 boys 165 49 
School. 21 girls 174 51 
Higher I'rimary 12.-16 27 boys 181 47 
School. 24 girls 201 45 
Secondary 13-16 25 boys 195 I 43 School. 25 girls 211 48 
South l~frican 13-16 12. boy s 222 
I 
,, 39 










liE.AN DATA ON BLOOD PRESSURE OF GROUPS OF 
BANTU BOYS AND GIRLS AT 14 .- 15 -YEARS 
~--- -- - ·-
Populo.tion Sex No. of Systolic 
Group subjects pressure mm . Hg. 
Hefln S.D. 
Rural 
Poor Primary Boys 18 104 12.1 
School Girls \~ 114 11.6 
Higher Primary Boys 1'3 106 11.i 
School Girls 2.+ 112. 12.4 
Secondary Boys :l..S 107 10.8 
School Girls 2.+ 119 11.4 
Urban 
Poor Primary Boys "3 '?> 106 10.2 
School Girls .1.5 119 13.0 
Hi gher Boys 41# 107 10.9 
Primary Girls 18 118 10.8 
School 
Secondary !Boys .s S' 115 11.7 




White School Boys 'J...4- 117 11.7 
Children j Girls :l.. l 116 12.5 
/ I 
Diastolic 
















6. STUDIES BEARING ON THE HANDICAP IMPOSED BY PARASITISM ON 
( i) 
NUTRITIONAL SJATE. 
Common helminths in the stools of various groups of 
Bantu children. 18 
Following an early study (1952 ) , much further 
work has been carried out re cen-cl y. It has been found that a 
very high proportion of highveld school children are virtually 
free from helminths (as low as 5 per cent ascaris present). 
The proportion with this type of infection is higher in children 
in peri-urban areas, and still higher in urban areas, where a 
prevalence of 50 - 60 per cent of pupils with ascaris was reached 
in some of the groups examined. In coastal regions, e.g. Illovo, 
near Durban, and Chicumbane, north oi Lourenco Marques, 
Nocambique, parasitism is very widespread, virtually every 
child being infected, often with seve~al types of parasites. 
25. 
Thus, while helminthiasis (excluding Schistosoma mansoni) presents 
little public health problem in most inland highveld regions, it 
remains a health problem in urban areas, also in iowveld and 
coastal regions, botr- rural and urban. 
(ii) Blood' loss in schistosoma haematobium infection. 19 
It was found that in subjects with heavy infections 
of vesical bilharzia, blood loss was 1-6 ml. per diem. While 
this amount, especially if intermittent, is unlikely to cause 
a significant anaemia, i~ may well aggravate an existing anaemia. 
(iii) Blood loss in schistosoma rnansoni infection. 20 
Although studies show the blood loss in intestinal 
bilharzia to be slight, it is possible that other features of this 
infection affect haemopoiesis. 
( i V) Blood loss in ancylostomiasis infection. 21 
Studies on blood loss in hookworm infection, revealed 
blood loss in severe cases to be of the order of 9 - 19 ml. per diem. 
26. 
This finding has been amply confirmed by reports from later workers. 
(v) Various studies in school-child population groups, 
with and without bilhar~~. 22 •23 
Studies in this field of research are undertaken 
as opportunity offers. For a number of years, the Unit has been 
endeavouring to carry out comparative studies on groups of 
Bantu school ch::. l dren, first! y, in areas where bilharzia 
is common, and slond l y, in areas wh€re it is absent. These 
/.. 
studies have been pursued in respect cf rate of growth, onset 
of menarche, motor fitness (Harvard Step Test), haematology, 
blood biochemistry, nutritional stigmata, scholastic ability, 
and other parameters. While these ir.vestigations are still 
in progress, the tentative conclusion has been reached that, 
in the age groups studied, and with the intensity of infection 
prevailing, the handicap is less than expected. In S. haematobium 
infection, and to a somewhat lesser extent in S. mansoni infection, 
it has been found that rate of growth and skinfold measurements 
provide much the same picture in groups with and without bilharzia. 
Concerning haematology, haemoglobin levels may be 0.5 - 1 . 0 g.% 
lower in the infected ; however, anaemia, when present, is slight. 
Serum gamma globu1in is significantly elevated in the infected. 
On the other hand, observations indicate that motor fi t ness, 
also scholastic nbility, are often higher in the infected, 
suggesting that it is the more adventu=ous child who goes further 
- afield and becomes infected. 
The extent of the morbidity from bilharzia in 
human beings remains a subject of controversy. fhat ill-effects 
~ result is indisputable; but evidence suggests that they 
involve only a minority of sufferers. Uncertainties in respect 
of prognosis and of treatment are understandable, since no 
prospective studies have been undertaken in which the health 
status of those infected has been matched (age, sex, 
environment, occupation, etc.) against those not infected. 
Furth€:rmor€. in resp€ct of tr€atment, there have been no 
investigations in which the response (clinical, subjective, 
etc.) to drugs has been compared with that of placebos. 
The field and laboratory studies described are being 
continued. Obviously, a considerable amount of further work on 
carefully selected populations will be required before it is 
possible to speak with some measure of certainty on the handicap 
imposed by certain parasites on nutritional and other aspects of 
~Oft!<>,.'e ,c I 
the health picture. It must be understood, ef eouBe 9 that the 
conclusions reached will be valid fully only for the population 
groups investigated, and that caution will be required in the 
extrapolation of the conclusions to other populations. 
SUMMARY OF PART I AND SUGGESTIONS FOR FUTURE RESEARCH 
1. Each of the papers published or in press, on which the 
standard of this work is judged, has its own summary. The following 
comments are therefore wholly general. 
2. The studies on Bantu infants and young children concern 
three aspects, namely, (i) the nutrition of breast fed and weaned 
children, (ii) the prevalence of deficiency stigmata, and the 
characterisation (anthrompometric, biochemical, etc,) of children 
differing in region, diet, socio-economic state, etc., and 
(iii) the bearing of parasitism, particularly bilharziasis, on the 
parameters cited in (ii). The second and third aspects are closely 
interrelated. 
The studies of the writer, and of previous and present 
South African workers, have more than touched the fringe of the 
research field under consideration. It will be apparent, however, that 
a great deal more investigational work remains to be undertaken, 
before the maximum of fundamental and practical knowledge of 
nutritional science may be derived from the situation presented 
by the different local populations. 
The following points seem particularly worthy of 
study:-
c~pu.'r~1. r .... ~""""c.:~ ..... ~ 
(i) Enquiry into the "cost" of~long lactation~to poorly 
nourished Bantu mothers. (ii) Elucidation of the weaning 
practices of Indian mothers to account for the uncommonness 
of kwashiorkor in Indian young children. (iii) Determination 
of the reason for the rarity of scurvy in Bantu infants. 
(iv) . Determination of the minimum excretion of urinary 
27a . 
nitrogen per 24 hours in groups of younger and older Bantu 
children compatible with freedom from nutritional deficiency 
stigmata. (v). Elucidation of the increased loss of nitrogen 
(thereby affecting dietary protein requirement) from children 
dwelling in hot compared with cooler regions . (vi). Clarification 
of the urinary steroid excretion pattern in post-adolescent Bantu 
children on different nutritional and socio-economic planes. 
28. 
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PART I. 
STUDIES BEARING ON TEE NUTRITION OF BANTU 
INFANTS AND CHILDREN. 
COPIES OF PAPERS PUBLISHED OR IN PRESS. 
30. 
Letter to the Editor 
reprinted from THE LANCET, February 9, 1952, p. 317 
BREAST-FEEDING AND DIET 
Srn,-The well-known research-worker on human milk, 
Dr. I. G. Macy, bas stated that "when the necessary 
ingredients for the synthesis of milk are lacking in the 
daily food, the mother's output of milk may be decreased, 
or the milk may become deficient in these constituents, 
or the needed elements may be withdrawn from her 
body tissues." 1 
The diet recommended for nursing mothers is known 
too well to need description.2 The question naturally 
arises as to the lactation capacity of the vast majority 
of the world's mothers who simply do not consume such 
a diet. Is their milk insufficient, or of poor quality Y 
Is the withdrawal of the needed elements-for example, 
of calcium-attended by deleterious effects Y It is 
interesting to note that under very adverse conditions 
of diet and environment, breast-feeding may be main-
tained with a varying degree of success. This was 
observed at Belsen concentration camp,3 at Leningrad 
during the siege, 4 in starving Holland in 1945,5 in the 
prisoner-of-war camp at Singapore, 8 and at similar 
places. But the drawback is that data on the yield and 
composition of milk produced under such conditions 
are not available. 
Information on the breast-milk of South African Bantu 
mothers is thus of interest, firstly because the great 
majority of these mothers are wholly able to breast-
feed their infants for 6 months or longer; and secondly, 
because the high-cereal diet, although seldom deficient 
in calories, is inadequate in various respects according to 
accepted standards ; certainly the mothers do not get 
the recommended allowances of milk, butter, eggs, meat, 
and fruit. Breast-milks were obtained from 200 urban 
l. Macy, I. G., W'illiams, H. H., Pratt, J. P., Hamil, B. M. Amer 
J. Dis. Child. 1945, 70, 1~5. . 
2. McLester, J. M. Nutrition and Diet In Health and Disease. 
Philadelphia, 1944. 
3. Abels, J. Brit. med. J. 1949, I, 154. 
4. Antonov, A. N. J. Pediat. 1947, 30, 250. 
5. Smith, C. A. Ibid, p. 229. 
6. Williams, C. D. Proc. Nutrit. Soc. 1946, 5, 127. 
2 
Bantu mothers, differing in state of health, age, parity, 
and month of lactation. For total solids, protein, 
fat, lactose, ash, calcium, and phosphorus the ranges 
have been found to be as wide as those reported else-
where ; but our averages are almost identical to those 
given for white mothers by Dr. Macy. 7 The vitamin-C 
contents are somewhat lower, but the rarity of scurvy 
among urban Bantu infants suggests that the amount 
provided is adequate for protection. In an earlier study 
on 12 Bantu milks (over I month post partum), Mr. 
M. Kropman 8 found the average value for vitamin A to be 
slightly higher, and for carotene, thiamine, and riboflavine 
slightly lower, than those given for white mothers. 7 
While subsequent work may well confirm that the breast-
milk of urban Bantu mothers hai:; much the same average 
composition (for the nutrient,; determined) as that of 
white mothers, it must be borne in mind that the nutri-
tional value of breast-milk may not be accurately 
reflected by such chemical composition. As far as we 
are aware, no attempt has been made to compare by 
biological assay the nutritional value of normal milk 
from a malnourished mother with that from a well-
nourished mother. For the nutrients we determined, 
no correlation was apparent between the nutritional 
state of the mother, as assessed hy the clinic medical 
officers, and the composition of tl1e breast-milk. 
This capacity of these Bantu mothers to produce 
apparently normal milk, and wholly to breast-feed 
infants for long periods, raises some interesting 
points. Firstly, presumably the amount produeed, 
speaking generally, is sufficient for the infant. Writing 
from Central Africa, Dr. H. C. Trowell 9 has stated: 
" Liberal breast feeding .. . allows the child to grow well 
during the first six months .... Provided gruels have not 
been given too early . . . the African baby appears to 
approximate to that of the European about the end of the 
sixth month ; he is happy and playful, and for one brief 
period in his life, he achieves parity." 
7. Macy, I. G., Kelley, H., Sloan, R. The Composition of Milks. 
National Research Council Bulletin, ,vashington, no. 119, 
1950. 
8. Kropman, M. Studies in Vitamin Content of African Food-
stuffs. M.so. thesis, University of South Africa. 1946. 
9. Trowell, H. C. E. Afr. med. J. 1048, 25, 236. 
3 
Local prediatricians agree with this observation. 
Next, concerning the mother. it is noteworthy that this 
ability to breast-feed occurs in the absence of the highly 
nourishing diet usually recommended. Since the lacta-
tion does not appear to be accompanied by an obvious 
loss in weight, it would seem unlikely that the mother's 
intake of gross protein is seriou8ly insufficient. Further, 
with regard to calcium, their intake is meagre ; yet, 
despite the drain that must take place, we have not 
found serum values for calcium to be low in prolonged 
lactation, and neither tetany nor ostcomalacia is reported, 
Ilas it been satisfactorily established that the maternal 
loss of calcium in lactation is deleterious per se, and that 
an endeavour must be made to avoid or minimise it at all 
costs Y 
Assuming that our observations are confirmed by 
subsequent work, we suggest that either the role of 
diet in lactation is over-emphasised, or, alternatively, 
the body has a greater capacity to adapt itself to an 
inferior diet than is usually believed. Our observations 
also suggest that the low incidence of breast-feeding 
among western white mothers can seldom be attributed 
specifically to the consumption of a poor diet. While 
it is gratifying to know that the present diet of these 
Bantu mothers does not prejudice the satisfactory 
performance of the particular function of lactation, it 
must not be inferred that we therefore consider their 
diet to be adequate. 
This letter is published with the permission of the 
South African Council for Scientific and Industrial 
Research. 
Nutrition Unit, Council for 
Scientific and Indnstrial ReseArch , 
South African Institute for 
Medical R esearch . Johannesburg. 
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Printed in 
Great Britain 
The Lancet Office, 
7, Adam Street, Adelphi, London, W.C.2 
Reprinted from 
TRANSACTIONS OF THE ROYAL SOCIETY OF TROPICAL MEDICINE AND HYGIENE. 
Vol. 48. No. 5. pp. 395-399, 1954. 
THE COMPOSITION OF BREAST MILK OF SOUTH AFRICAN BANTU 
MOTHERS 
BY 
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Our knowledge of the factors which control lactation is still far from complete. This is 
evident from the discussions on the subject held by the Nutrition Society (1944); from the 
recent survey of the literature by GUNTHER and STANIER (1950); and from other relevant 
publications. 
It is interesting to note that anomalies are most common among Western mothers 
accustomed to a good or fairly adequate diet. Thus, in a study at Aberdeen on a group of 
well-to-do mothers, 80 per cent. were practising breast feeding after 6 months (MACKINTOSH, 
1944); among a similar group in Illinois, the corresponding figure reported was 7 per cent. 
(BLESSING, 1937). Again, for the mothers in the frequently quoted Toronto study, the figure 
was 38 per cent. (EBBS and KELLEY, 1942), a figure less than the 41 per cent. reported for 
war-time English mothers in a poor district at Ilford (GORDON, 1942). 
Under conditions of severe food deprivation and mental stress, however, anomalies are 
fewer. Thus, at Belsen concentration camp (ABELS, 1949), in Leningrad during the seige 
(ANTONOV, 1947), in starving Holland in 1945 (SMITH, 1947), in the prisoner-of-war camp 
at Singapore (WILLIAMS, 1946), and at similar places, breast feeding was carried out with an 
unexpected degree of success. Furthermore, in Holland, evidence suggested that neither 
quality nor yield was radically affected (SMITH, 194 7). 
• We are indebted to the numerous Medical Officers, Health Visitors, etc., without whose co-
operation this investigation could not have been carried out. 
This paper is published with the permission of the South African Council for Scientific and Indus-
trial Research. 
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The majority of the world's mothers are non-White, but unfortunately there is very 
little quantitative information available on either the composition or the yield of their breast 
milk. We were therefore prompted to secure data on the milk of South African Bantu 
mothers, our desire being stimulated, moreover, by the following points. (1) The capacity 
to breast feed, often for protracted periods, is almost invariable. (2) Local pediatricians 
consider that for the first six months there is parity in growth and general health between 
European and Bantu babies when exclusively breast fed. In Uganda, TROWELL (1948) has 
made a like observation. These impressions suggest that for nutritional value and yield, 
Bantu milk closely resembles milk from European mothers. (3) The usual diet, broadly 
speaking, is based on maize, bread and legumes; although the diet is probably adequate in 
calories and gross protein, it is unsatisfactory in various respects according to accepted 
standards: certainly the mothers do not get the milk, butter, eggs, meat, fruit, etc. usually 
recommended for lactating mothers (MCLESTER and DARBY, 1952). 
The composition has therefore been determined of the breast milk of Bantu mothers 
living in different parts of South Africa. 
SUBJECTS AND METHODS 
In breast-milk studies, it is desirable, either to have the total amount of milk produced 
over 24 hours, or to have the total amount that can be expressed from a breast at one feed 
time. Neither of these courses was practicable with our subjects. All our results concern 
"spot" samples. Self-demand feeding, however, is the rule among non-White mothers, 
i.e. there are no long intervals between daytime feeds, so that differences in composition 
between " fore " and " hind " milk are thereby minimized. Most of the mothers were 
feeding their infants at the time of sampling. Milk was obtained from both breasts. 
A total of 266 milks were examined, these being derived from mothers dwelling in the 
following regions :-Witwatersrand, Transvaal (urban Bantu), 181; near Pretoria, Trans-
vaal (peri-urban), 36; Swaziland, 10; Bechuanaland, 39 (including 10 from Lobatsi, and 
29 from Tsane in South Central Kalahari Desert, i.e. 15 Bakgalagadi, six Hottentot, and 
eight Bushman mothers). The lactation period varied from 1 to 24 months. The clinical 
state, assessed by medical officers, was as follows :-poorly nourished, 31 ; average state of 
nutrition, 190; well nourished 45. About SO ml. were usually collected, generally without 
difficulty. When smaller amounts were available, certain analyses had to be curtailed. 
Samples were stored in dark bottles in a cool place. On occasions when immediate analysis 
was impossible, a few drops of 10 per cent. formalin were added as preservative. 
Total solids, ash, protein, calcium and phosphorus were determined by methods de-
scribed by McCANCE and SHIPP (1933), and McCANCE et al. (1936). Fat was determined by 
the Rose Gottlieb method, with occasional checks by the Werner Schmidt method, both as 
outlined by Cox (1950). Vitamin C determinations when undertaken were carried out 
within an hour of collection, by the dichlorophenol-indophenol method as described by the 
Association of Vitamin Chemists (1947). 
Results are summarized in the following table. Also included for comparison are data 
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TABLE. Results : Composition of Bantu breast-milk. 
Bantu milks. 
(Present series). 
12 .8 ± 1 .8 
266• (8.1 -18.0) 
0.20 ± 0.02 
266 (0 . 14 - 0 . 28) 
1.35 ± 0 .40 
230 (0 .60 - 2 . 25) 
3 . 90 ± 1.41 
145 (1. 10 - 9. 25) 
7.10 ± 0 . 55 
145 (5.05-9.45) 
28. 7 ± 6.1 
250 (14.0-47 .4) 
15.2 ± 3 . 2 
85 (7. 5 - 24 . 0) 




12. 95 S 
(33) 1.19 ± 0 . 52 R 
(612) 4 . 78 ± 1 .47 R 
(129) 3 . 91 ± 1.42 S 
(616) 6.95 ± 0.35 
29 . 9 ± 4 . 2 
76 (19 .3-40 .1) 
13 .0 ± 1.9 
76 (10.2 -19 .8) 
3.6 ± 1.38 
1116 (0.0- ) 
American milks. 
12.9 ± 1 .1 
610 (10 .3 -17 .5) 
0.20 ± 0 .018 
390 (0 .16-0. 27) 
1.06 ± 0.46 
583 (0 . 73 - 2. 00) 
4 .54 ± 1.00 
408 (1. 34- 8 .29) 
6 .8 ± 0.6 
313 (5.0-9.2) 
34.4 ± 6.7 
628 (17 . 3 - 60. 9) 
14 . 1 ± 2.5 
628 (6 .8 - 26 .8) 
5 . 2 ± 1. 9 (233) 
233 (0.0 -11 .2) 
(• denotes no. of samples. R. = Reading. S. = Shoreditch) 
DISCUSSION 
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The table reveals our mean values in all cases ( save for vitamin C) to be very close to 
the means given for Western mothers. 
We found little difference in mean composition between milks from the different regional 
or racial groups of mothers. This finding, however, must be regarded as tentative for the 
Hottentot and Bushman groups, where the numbers examined were unfortunately small. 
As mentioned previously (WALKER et al. 1952), we have been unable to trace a correlation 
between milk composition and nutritional state of the mother. J ELLIFFE (1952) has made the 
same observation for Nigerian mothers concerning breast milk protein concentration. 
No alteration in composition was apparent on comparing data from the period 1 - 9 
months (186 milks) with data from the 9th month onward (90 milks). Here again, }ELLIFFE 
(1952) has made the same observation for the protein concentration of the milk of Nigerian 
mothers, a finding at variance with the often expressed view that protein concentration 
diminishes rapidly towards the end of lactation (WRIGHT, 1952). 
Attention is drawn to certain aspects of our data. 
Protein. Our average figure is slightly higher than the values given for Western mothers ; 
moreover, it is also higher than the mean value given for Dakar mothers' milks, namely, 
1.24 per cent., by DUFOUR and GOURRY (1934). 
Fat. DEEM (1931) and later workers found that the fat content of human milk could be 
increased by raising the fat content of the mothers' diet. CLEMENTS (1949) reported that 
when the percentage of fat is initially high, it is possible to reduce it by dietary means. But 
f·, 
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the extent to which fat restriction or habitually low intakes of fat influence its concentration 
in breast milk is uncertain, conflicting observations having been reported ( SALMI, 1944; VoN 
SYDOW, 1945). The mean figure for our Bantu mothers cannot be regarded as low. Our 
dietitian, Miss J. L. SEWARD, estimated the range of fat intake to be 20-50 g. per diem. 
This finding is of interest bearing in mind that an average of 30 g. fat are secreted daily in 
750 ml. Bantu breast milk, the approximate daily yield at 6 months. 
Calcium. The mean calcium concentration, also the range of values, are both close to 
data reported for Western mothers. As noted previously, the Bantu are habituated to a 
diet low in calcium (WALKER, 1951). 
Vitamin C. Our mean value is low, yet agrees with earlier data given by KROPMAN 
(1946) for 36 Johannesburg Bantu mothers, and by SQUIRES (1952) for Tswana (Bechuana-
land) mothers' milks. Very low values were frequent and even zero values were occasionally 
encountered; yet infantile scurvy is extremely rare. Thus, at a local non-European hospital, 
in a 5-year period, there have been three cases of scurvy out of 5,000 admissions of children 
under 1 year (KAHN, 1953). 
In a thesis not readily accessible, KROPMAN (Ide. cit.) reported that in an examination of 
29-37 milks from Johannesburg Bantu mothers, be found the average value for vitamin A 
to be slightly higher, and for carotene thiamin, and riboflavin to be slightly lower than mean 
values given for Western mothers. Data on other vitamins, also certain amino acids (parti-
cularly tryptophane and methionine) are being obtained at this Unit. Nevertheless, in 
view of the good nutritional state of exclusively breast-fed Bantu babies, it would seem reason-
able to consider that even if subsequent investigation reveals certain specific differences in 
composition, such differences are of little nutritional importance. 
Arising from this capacity of these Bantu mother_s to produce apparently normal milk 
and wholly to breast-feed infants for long periods, we are driven to conclude that either the 
role of diet in lactation is over-emphasized, or, alternatively, that the body has a greater 
capacity to adapt itself to an inferior diet than is usually accepted. In particular, our observa-
tions indicate that the low incidence of breast feeding among Western mothers can very seldom 
be attributed to the consumption of a poor diet. 
Naturally, it may be wondered whether the nutritional state of the Bantu mothers is 
adversely affected by prolonged lactation. As far as we are aware the problem even among 
Western mothers has not been critically investigated. We are endeavouring to obtain 
relevant information upon Bantu mothers on the nutritional changes occurring during the 
period from before pregnancy until late in lactation. At present, the consensus of opinion 
among experienced medical officers is that there is no obvious impairment in health. 
Finally, while it is gratifying to know that the present diet of these Bantu mothers does 
not prejudice the satisfactory performance of the particular function of lactation, it must 
not be inf erred that we therefore consider their diet to be adequate. 
SUMMARY 
Two hundred and sixty-six samples of breast milk mainly from urban South African 
Bantu mothers have been analysed. In respect of total solids, ash, protein, fat, lactose, 
calcium and phosphorus, it has been found that mean values closely approximate to corres-
ponding means given for the milks of British and American mothers. The composition of 
the milks does not appear to be influenced by the tribal group of the mothers, by their habitual 
t 
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diet (largely composed of maize, bread, legumes), nor by their nutritional state. Their 
capacity to breast-feed is almost invariable, moreover, impressions suggest that the yield 
is satisfactory at least for the first 6 months. It is submitted that either the role of diet in 
lactation .is over-emphasized, or that the body has a greater capacity to adapt itself to an 
inferior diet than is usually accepted. 
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Low Niacin Concentration in the Breast 
Milk of Bantu Mothers on a High-Maize 
Diet 
GOLDSMITH and co-workers1 prepared wheat and 
maize diets containing equal, though relatively small, 
amounts of niacin and tryptophan, 4·7 and 190 mgm. 
per diem respectively ; when fed to human subjects, 
only those consuming the maize diet developed 
pellagra. In view of this abnormality of metabolism 
on the maize diet, it has been considered worth while 
to investigate whether a diet containing this cereal 
causes any abnormality in the concentrations of 
niacin and tryptophan in breast milk. Available 
information suggests that the level of niacin in the 
breast milk of White mothers is relatively inde-
pendent of dietary intake•. In South Africa, however, 
Kropman3 found twelve Bantu breast milks to con-
tain an average of 108 µgm. niacin per 100 ml.; 
this average is low in comparison with the mean 
value of 183 µgm. obtained for the milks of 268 
American mothers•. Kropman3, unfortunately, pro-
vided no dietary information on the mothers con-
cerned-an important point in the present issue, 
since the consumption of maize by the Bantu varies 
enormously, one report giving a range of 6-20 oz. 
per diem for urban dwellers5• 
To throw light on the subject, breast milks from 
four groups of mothers have been investigated: 
(1) Urban Bantu mothers in poor circumstances 
whose consumption of maize meal (90-100 per cent 
extraction) exceeded 1 lb. per diem, ,and supplied 
65-85 per cent of total calories ; (2) Indian and 
Eurafrican mothers consuming a small though 
variable amount of maize; (3) Bantu and Indian 
mothers accustomed to an almost Europeanized diet ; 
(4) European mothers in comfortable circumstances 
who served as controls. Milk from groups 1-3 mothers 
were obtained, mainly from 10.30 a .m. to noon, 
when subjects were attending clinics for routine 
examination of their infants or themselves. All 
collections were 'spot' samples. Nevertheless, self-
demand feeding is the rule among non-White mothers, 
that is, differences in composition between 'fore' and 
'hind' milks are thereby minimized. Niacin was 
determined microbiologically by the method de-
scribed by Gyorgy•. Tryptophan determinations 
were carried out--on milks from groups 1 and 4 
mothers only-by the microbiological method of 
Greene and Black7 • Estimations of intakes of niacin 
~,. ,•, ..• ,. '' .. , ... ,._,. ,'., ... -~- ~~· .. ,: ,. 
INTAKES AND BREAST MILK CONCEN'~RAT!ONS 011' NIACIN AND TRYPTOPllAN 011' BANTU AND OTHER MOTHERS 
Niacin Tryptophan 
Group of Intake Breast milk Intake Breast milk mothers (mgm./ (µgm./ (mgm./ (mgm./ diem) lOOml.) diem) 100 ml.) 
1. Bantu (high- 15-18 70±51 (38)• 650- 23±6 (18)• maize diet) (15-140) 850 (11-33) 
2. Indian and not 105 ±45 (15)• not not estim-Eurafrican estim- (50- 175) estim- ated 
mated ated 
3. Bantu and not 150±52 (8)• not not estim-Indian estim- (85-270) estim- ated (European- ated ated ized diet) 
4. European 9 ·5-15 175±48 (8)• 1,100- 21 ±4 ·5 (12)• 
(110-295) 1 ,400 (13-29) 
• Number of milks examined. ·• 
and tryptophan were calculated, using local8 and 
American9 food tables respectively, from dietary 
information collected by our dietitian, Miss J. L. 
Seward. These data, together with results of the 
determinations of these nutrients in the breast milks, 
are given in the table. 
Digestion of group 1 breast milks with N sodium 
hydroxide for 10 min. at room temperature caused 
no increase in niacin concentration ; hence, the 
vitamin is present wholly in 'unbound' or available 
form10• The difference between the means of the 
niacin concentrations in groups 3 and 4 mothers is 
not significant ; in this respect, therefore, the racial 
factor is unimportant. 
The salient observation is that, despite a probably 
higher intake. of total niacin, the mean niacin con-
centration in breast' milk of the high-maize Bantu 
mothers is much lower than the mean value for the 
combined groups 3 and 4 mothers consuming the 
European diet. The difference is statistically highly 
significant (P < 0 ·001). Caloulation reveals the loss 
of niacin in the breast milk to be small in comparison 
with total niacin intake---approximately 5 per cent 
for group 1 mothers at the third month of lactation. 
Considering the results as a whole : first, wide 
variations of niacin concentration occur within 
groups, as with other constituents11 ; secondly, mean 
niacin concentrations increase with decreasing maize 
consumption. Obviously, it would be erroneous to 
interpret differences in niacin concentration in terms 
of maize intake only. However, it would seem 
reasonable to regard the unusually low concentration 
of the vita.min in Bantu breast milk as reflecting a 
further abnormality of niacin metabolism under 
conditions of high maize intake, Whether the ab-
• 
normality is due to a large proportion of ingested 
niacin being 'bound', or to suppression of intestinal 
biosynthesis of the vitamin, or to other causes, requires 
further investigation. 
The low intake of niacin by Bantu breast-fed 
babies is not apparently deleterious, for local 
pediatricians aver that there is parity of growth and 
general health between Bantu and European babies 
when exclusively breast-fed up to six months. 
There is no statis.tical difference between the mean 
concentrations of tryptophan in the breast milks of 
the Bantu and Eur.opean mothers (groups 1 and 4). 
The determinations of niacin and tryptophan 
were carried out by Mr. G. Smith and Miss H. S. P. 
Snyman, of the South Afr.ican Bureau of Standards, 
Pretoria. This communication is published with the 
permission of the South African Council for Scientifio 
and Industrial Research. 
A. R. P. WALKER 
Human Biochemistry Unit, 
South African Council for 
Scientific and Industrial Research, 
South African Institute for Medical Research, 
Johannesburg. Oct. 17. 
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Although going under different names, the disease commonly referred to as kwashiorkor 
is of world-wide distribution affecting infants and young children fed on diets 
habitually deficient in amino-acids. According to Brock & Autret (1952), the syndrome 
usually includes fatty infiltration, cellular necrosis, or fibrosis of the liver. These 
authors have reported that in West Africa, fibrosis of the liver may develop in infants 
at the age of 6 months and possibly even earlier while they are still getting the whole of 
their food from the breast. It has, therefore, been postulated that a factor or factors 
may be missing from, or deficient in, the breast milk during the first 6 months of 
lactation. The fact that experimental methionine deficiency in the rat results in a fatty 
liver (McHenry & Patterson, 1944) raises the question whether a deficiency of th1s 
amino-acid may be involved in the causation of kwashiorkor. It is thus of interest 
that Auffret & Tanguy (1949) have reported that the breast milk of West African 
mothers of Dakar is low in methionine. They found a mean value of 16 mg/ roo ml. , 
which is unusually low in comparison to the mean value of 29 mg/ roo ml. quoted by 
them for American mothers examined by Block (1945). However, more recently, 
Srinivasan & Ramanathan (1954) have examined the milks of twenty-five Indian 
mothers, both mothers and babies being apparently healthy, and also of six Indian 
mothers whose children were suffering from kwashiorkor. No abnormality was 
apparent; for the milks from the two groups of mothers, they found average values of 
29·1 and 30·4 mg methionine/100 ml. respectively. In South Africa we have found 
no abnormality in the mean protein concentration of Bantu breast milk (Walker, 
Arvidsson & Draper, 1954); moreover, the stigmata of kwashiorkor are not observed 
in exclusively breast-fed infants. But in view of the report from West Africa, it was 
thought worth while to carry out determinations of methionine in the breast milk of 
both Bantu and South African European mothers. 
EXPERIMENTAL 
Subjects and methods 
' Spot' samples of breast milk were collected from twenty-nine Bantu mothers at 
urban and rural health clinics while mothers were waiting, mainly for the routine 
examination of their babies. Periods of lactation varied from I to 27 months. The 
mothers, whom the clinic medical officers judged to be representative, were in apparent 
good health. For purposes of comparison, twenty-five samples of breast milk were 
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collected from South African European mothers, also in apparent good health, by 
municipal health visitors during their periodic visits to mothers' homes. Periods of 
lactation varied from 2 weeks to 10 months. 
Methionine was determined by the chemical method described by McCarthy & 
Sullivan ( 1941 ). 
RESULTS 
Our results are summarized in Table 1. Values for the methionine concentration in 
breast milk from groups of other mothers are included for comparison. 
Table 1. Mean methionine concentration in the breast milk of groups 
of Bantu and other mothers 
(Results expressed as mg methionine/100 ml. milk) 
Mean value 
and its 
No. of standard 
Group of mothers Method of detem1ination samples deviation 
Bantu mothers 
South African European mothers 
Indian mothers, apparently healthy 
Indian mothers with kwashiorkor 
babies (Srinivasan & Ramanathan, 
1954) 
Present work 
McCarthy & Sullivan (1941) 29 
McCarthy & Sullivan (1941) 25 
Other data. 
McCarthy & Sullivan (1941) 
McCarthy & Sullivan (1941) 
25 
6 




American mothers (Williamson, 1944) McCarthy & Sullivan (1941) 500 29 
American mothers (Block, 1945) McCarthy & Sullivan (1941) 29 
American mothers (Beach, Bernstein, Baemstein (1936) 
Hoffman, Teague & Macy, 1941) 
American mothers (Macy, 1949) 
Dakar West African mothers 
(Auffret & Tanguy, 1949) 
Microbiological (details 24 
unpublished) 









Our results show that the mean concentration of methionine in Bantu breast milk, 
although closely similar to, is significantly higher (P < 0·01) than, the mean value for 
the milk of South African European mothers. Mean values are in close agreement 
with those given for Indian mothers, also for the American mothers studied by 
Williamson (1944) and Block (1945). The same method of determination, i.e. that of 
McCarthy & Sullivan (1941), was used in all these studies. The disagreement with 
the mean values reported by other groups of workers may well be due to the different 
methods of determination employed. It is possible, therefore, that the low mean value 
for the Dakar African mothers' milks is apparent rather than real. It would be 
illuminating to know the corresponding mean value for European mothers resident 
in Dakar, using the method of determination employed by Auffret & TaLJ.guy (1949); 
but such determinations apparently were not done. 
: 
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SUMMARY 
1. The reported deficiency of methionine in the breast milk of West African 
mothers appears to be of relevance in regard to ( 1) the hepatic fibrosis which occasion-
ally occurs while infants are still exclusively breast fed, and (2) the high incidence of 
kwashiorkor at weaning time and thereafter. In South Africa kwashiorkor is common 
although it does not affect wholly breast-fed infants. 
2. Determinations of methionine concentration in the breast milk of twenty-nine 
Bantu compared with twenty-five local South African European mothers revealed no 
abnormality in this respect, mean values obtained being 29·7 mg and 26·2 mg/100 ml. 
respectively. 
This paper is published with the permission of the South African Council for 
Scientific and Industrial Research. 
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In South Africa, it is customary for Bantu mothers to feed their babies almost 
exclusively at the breast for from 6 to 9 months, and subsequently to feed them partly 
at the breast for a variable period, sometimes as long as 3 years. In urban centres, in 
contrast with rural areas, the position differs somewhat, for Bantu women are often 
employed in domestic service or factories. When such women become mothers, they 
often want to return to work as soon as possible after parturition. Occasionally, 
therefore, their babies are cared for by relatives, so that premature weaning occurs. 
As is well known, the most critical period in the nutritional life of the Bantu 
commences with weaning. The occurrence of the crisis is ascribed to ignorance, to the 
limited ability to buy milk products or nutritionally satisfactory milk-substitute foods, 
and to the fact that the weaned child is not given preferential treatment, but has to 
compete for the available food with the older members of the family group (Brock 
& Autret, 1952). 
The commonness of undernutrition and malnutrition among Bantu children at 
weaning suggested to us that it would be of value to determine the composition of the 
food actually prepared by Bantu mothers for their children. 
EXPERIMENTAL 
Subjects and samples. In Johannesburg there are about half a million Bantu, of 
whom the majority dwell in townships south of the city. The region is served by 
Baragwanath Non-European Hospital which has 1350 beds. To obtain our main series 
of samples we took advantage of the fact that mothers seeking medical attention for 
themselves or their children usually prepare food to be given to the children while 
waiting in the out-patient department. The subjects whose feeds were sampled were 
selected at random, except that patients too ill to suck were not represented because 
their mothers had not brought food for them. Of this main series of subjects, twenty-
four were under 6 months, thirteen were from 7 to 12 months, seven were from 13 to 
18 months, and fourteen were from 19 to 24 months. Of the fifty-eight samples 
collected, fifty-three were from bottles; five samples of thicker consistency were taken 
from other containers such as pans or tins. From four to eight samples were collected 
on one morning each week. 
A smaller series of nineteen samples was obtained by a municipal health visitor 
when calling at Bantu homes. Of the child consumers, seven were from 7 to 12 months, 
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and twelve from 13 to 18 months. Twelve of the samples were from bottles; the 
remaining seven, which were of thicker consistency, were taken from cooking pots. 
The preparations given in feeding bottles were classified as: 
Cereal paps, mainly of maize, prepared with or without some milk. 
Proprietary foods containing cereals and dried milk, made up with or without milk. 
Proprietary dried-milk products prepared with water only. 
Miscellaneous mixtures. 
The twelve samples given with a spoon were all thick cereal paps. 
Methods. Total solids, ash, and protein were estimated by methods described by 
McCance & Shipp (1933) and McCance, Widdowson & Shackleton (1936). Fat was 
estimated by the Rose-Gottlieb method, with occasional checks by the method of 
Werner & Schmidt, both as outlined by Cox (1950). 
RESULTS AND DISCUSSION 
The results, which include mean values, with the standard deviation and range, for 
the percentage of the chief constituents in the foods analysed are set out in Table 1. 
The samples collected at the out-patient department and in the homes were found 
to conform in their mean composition and range of constituents, so that the values 
for all the samples could be assembled in the same table. The uniformity of com-
position showed that the samples collected at Baragwanath Hospital could be taken as 
approximately representative of food prepared for the children at home. 
The investigation showed that, in general, food mixtures were too much diluted. 
Except for the thick cereal paps given to the older children, the mixtures were almost 
invariably inadequate in calories, and the thin cereal paps, the proprietary cereal and 
dried-milk foods, and the miscellaneous foods were usually too low in protein con-
centration. These observations are in harmony with the fact that in Johannesburg 
more than half the patients in wards for children up to 2 years old are suffering from 
obvious malnutrition or undernutrition (Kahn, 1954). 
Apart from poverty and ignorance we have come across another reason why food 
mixtures are too much diluted. A mixture prepared wholly or largely from cereal 
products and made up to fulfil calorie requirements is a gruel too thick to be con-
sumed from a bottle. Bantu mothers face the difficulty by making the mixture too 
weak, by cooking it lightly to keep it thin, or by grossly enlarging the hole in the teat. 
Quite apart, therefore, from the nutritive inadequacy of a cereal-pap diet, it is virtually 
impossible for infants to make satisfactory progress on foods such as we have analysed. 
The errors in preparation, which we have demonstrated, cannot, however, all be 
attributed to the ignorance or other failings of the Bantu mothers. We have obtained 
samples of all the types of commercial baby foods available in Johannesburg, and 
prepared feeds strictly according to the instructions on the label. We found that 
individual level tablespoons or other measures of powder differed in amount by as 
much as 10%. Corresponding differences when measuring water amounted to about 
30 %, and the amount of total solids varied by as much as 20 %. Obviously, if such 
differences occur in preparations made in the laboratory, larger differences in mixtures 
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In a recently published paper Hytten (1954) reported the analysis of 100 artificial-milk 
mixtures prepared by Aberdeen mothers for their babies; seventy-eight of the samples 
were found to be inadequate calorically. Among white children, serious errors in food 
preparation and consumption would in time be reflected in the child's clinical state, 
and before long medical advice would be sought. With the Bantu the position is 
different, for a nutritional set-back at weaning is taken almost for granted, and a child 
can become very ill before the regimen is changed or the child brought to hospital. 
In the excellent clinical studies of Dean (1953) with milk-substitute foods, the pre-
parations given to the children were closely controlled. What we have been observing 
is the uncontrolled side. If the observations we have made on the Witwatersrand 
are representative of other similar areas, the outlook is depressing, for it would seem 
that no matter what excellent foods are made available, their effectiveness will be 
reduced, and their nutritive value remain suspect, until they are correctly prepared 
for consumption. It is disturbing also to realize that such a state of affairs obtains, 
in spite of the bulk of urban Bantu women being literate, and in spite of a most de-
termined campaign of nutritional instruction by paediatricians, clinic medical officers, 
and health and social workers. 
SUMMARY 
1. Among the young children of urban South African Bantu, undernutrition and 
malnutrition are very common at and after weaning. 
2. The diet of children under 2 years of age was studied. Fifty-eight samples of 
food were taken from the bottles or other containers brought by mothers for their 
children when waiting in the out-patient clinic of the Baragwanath Hospital in 
Johannesburg, and 191 samples were taken in the home in Johannesburg. 
3. The food mixtures included cereal paps, proprietary mixturer, of cereals and 
dried milk, and preparations of dried milk. 
4. Samples of the foods were analysed for total solids, protein, fat and ash. 
5. It was found that a great many of the samples were too highly diluted so that 
the concentration of protein and calories was so low that the child could not make 
satisfactory progress. 
6. The numerous serious causes of over-dilution are discussed, and it is stressed 
that, even apart from them, the instructions given with commercial infant foods often 
permit the total solids in the liquid food to vary by as much as 30 % . 
This paper is published with the permission of the South African Council for 
Scientific and Industrial Research. 
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IMPAIRMENT OF SWEAT SECRETION IN 
MALNOURISHED INF ANTS 
By E. KAHN, "' M. D. RAND, M.R.C.P.E., D.C.H. (R.C.P. & S.) 
Johannesburg, South Africa 
AND 
A. R. P. WALKER,t PH.D. 
Cape Town, South Afrioa 
DURING hot summer weather African in-fants suffering from malnutrition tend 
to become feverish. The results of the inves-
tigations to be described indicate that in 
certain stages of malnutrition there is an 
impairment of sweat secretion, and that this 
defect may well cause fever in hot environ-
ments. 
METHODS 
The experiments were designed to compare 
under standard conditions of heat stress the 
sweat secretion and variations in body tempera-
ture of 13 severely malnourished infants and 
15 controls. 
The criterion for the selection of mal-
nourished infants for these tests was the pres-
ence of nutritional oedema (Table lA, Group 1). 
Other stigmata of infantile malnutrition 
(k~ashiorkor) were also present, but they 
vaned from case to case. Patients who were 
moribund or suffering from chronic illnesses in 
addition to malnutrition were excluded. In nine 
members of this group the exposure to heat 
stress was repeated some two to six weeks later, 
when the nutritional oedema had disappeared 
under dietetic treatment. Controls consisted of 
eight infants without clinical evidence of mal-
nutrition {Group 2) and seven others who had 
recovered from malnutrition, but who had not 
been exposed to heat stress previously, and 
therefore had not become acclimatised to heat 
whilst oedematous (Group 3). 
The three groups of children were subjected 
to atmospheric conditions simulating those exist-
ing in the poorer type of African dwelling in 
hot summer weather. Tests were conducted in 
an air-conditioned room during the winter 
0 Senior Paediatrician, Baragwanath Hospital. 
f Human Biochemistry Unit of the South African 
Institute for Medical Research, Johannesburg, and 
South African Council for Scientific and Industrial 
Research. 
months, to eliminate the factor of acclimatisa-
tion to heat which is unavoidable in summer. 
The room was heated to 80°F. before the start 
of the experiments. After the infants had been 
admitted, the temperature was raised to 90°F. 
in about 30 minutes, and was maintained at 
that level for one hour. The total period of ex-
posure to heat stress thus extended over rn 
hours, and during this time the telative humid-
ity of the air in the room varied between 40% 
and 45%. Up to six infants could be accom-
modated in the room at the same time. On each 
occasion one to three oedematous infants were 
observed together with normal controls and 
with infants who had recently recovered from 
malnutrition. All were dressed in thin cotton 
jackets and napkins; they were not covered by 
bed clothes. 
The respopse of the sweat glands to this ex-
posure to heat was determined quantitatively 
~y a modification of the method used by Dar-
ling et al. {1953) when studying children suffer-
ing from fibrocystic disease of the pancreas: A 
previously dried piece of lint, 2" x 3" in size, 
was applied to the abdominal wall just above 
the umbilicus. The lint was covered with a 
slightly larger square of oiled silk (B.P.C.), the 
edges of which were sealed to the skin with 
adhesive tape. The sweat secreted in the area 
covered by the lint was measured by weighing 
the lint in the same rubber-stoppered bottle 
before and after a test. Body temperature was 
measured rectally with a clinical thermometer 
at the beginning and the end of tests. 
An attempt was made to ascertain how far 
results would be affected by prolongation of 
thermal stress and by variations in the degree 
of oedema. To this end, another 13 infants were 
subjected to thermal stress for four hours, in-
stead of the usual rn hours. Other experi-
mental conditions remained the same as in pre-
vious tests. Six of these subjects suffered from 
varying degrees of nutritional oedema, four 
were well-nourished controls, and three were 
659 
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TABLE I 
SwEAT SECRETION (Mo. PER Six SQUARE INCHES OF ABDOMINAL SKIN) AND BODY TEMPERATURES AT 
BEGINNING AND END OF EXPERIMENTS 
(Degrees Fahrenheit) 
A. Exposure to Heat Stress 1! Hours 
Group 3. Cases Recovered 
from M alnutrition But 
Group 1. Malnourished Infants Group 2. Normal Controls Not Previously Exposed 
to Heat Stress 
(Unacclimatised) 
Oedematous After Loss of Oedema 
53mg. ( 98.0- 99.6°F.) 124mg. ( 99.4- 98.8°F.) 167mg. ( 97 .0- 98.4°F.) 208 mg. ( 97. 0- 98. 4°F.) 
46mg. ( 99.4-102 .0°F.) 345 mg. ( 97. o- 99. 2°F.) 154 mg. ( 98 . 4- 99 . 6°F.) 724 mg. ( 98. o- 99. 0°F .) 
66 mg. ( 98. 8- 99. 6°F.) 551mg. ( 99 .2- 99.4°F.) 237mg. ( 98.8-100 .0°F.) 114mg.( 99.0-100.0°F.) 
67 mg. (100. 0-104 . 8°F.) 178 mg. (100 .0-100 .2°F.) 97 mg. ( 97 . 4- 99. 2°F.) 128mg. (100 .2-100 .0°F .) 
64mg. ( 99.6-101.2°F.) Died 140 mg. ( 99 . 6- 99. 0°F.) 137mg. ( 98.6- 99 .0°F .) 
83mg. ( 98 .4- 99 .6°F.) 237 mg. ( 97 .4-100.4°F.) 224mg. ( 98.0- 99.4°F.) 158mg. ( 99.8-100 .2°F.) 
79mg. ( 98.4- 99.8)°F. 197mg. ( 99.6-100 . 1°F.) 115 mg. ( 99 . 0- 99 . 3°F .) 113mg.( 99.4-100.3°F .) 
56mg. (100.0-100.0°F.) 330 mg. ( 98. 4- 99. 6°F.) 113mg. (100 .0-100 .0°F.) 
51 mg. ( 99.4-100.8°F.) 147mg. ( 99.6- 99.6°F.) 
94mg. ( 99 .6-100 .2°F.) 142mg. ( 97 .0-100.0°F.) 
67mg. ( 99.2-100.0°F.) -
' 71 mg. (100 .0-100.6°F.) -
68mg. ( 98.4- 99.2°F.) -
B. Exposure to Heat Stress 4 Hours 
64mg. ( 96.6- 99.4°F.) 
*199 mg. ( 98 .4- 99 . 6°F.) 
*277mg. (100.8-101.2°F.) 
*137mg. ( 99.8-101.0°F.) 304mg. ( 99.6-101.2°F.) 
*66 mg. ( 96. 6-100. 6°F.) 
*90mg. ( 99.6-100.4°F.) 
* Oedema waning. 
infants who had recently recovered from mal-
nutrition (Table IB). 
RESULTS 
Our results are summarized in the ac-
companying tables. It is apparent that: 1) 
Under the same environmental conditions, 
infants with nutritional oedema secreted 
less sweat than those in the control groups. 
(Table IA: Oedematous infants in Group 1 
average 66 mg., range 46 to 94 mg., against 
combined control groups average, 188 mg., 
range 97 to 724 mg.) 2) They regained their 
ability to sweat freely, when their nutri-
tional state improved. 3) There was no 
direct correlation ·between the extent of 
501 mg. ( 99 .0-100 . 2°F.) 
168mg. (100.4-101.4°F.) 
317mg. ( 99 .4-100.6°F.) 
173mg. ( 99.6-10l.0°F.) 
602mg. ( 98 .4-100.6°F.) 
308mg.( 99 .2-100.2°F.) 
450mg. (100 .8-104 .0°F.) 
the oedema and the degree of impairment 
of sweat secretion of two infants with 
oedema comparable in extent who were ex-
posed to heat stress for four hours, one 
secreted 66 mg. of sweat, whereas the other 
secreted 277 mg. (Table IB). 4) Clinical 
examination of the infants during the tests 
showed that the impairment of sweat secre-
tion was not confined to the abdomen, but 
involved the whole body including axillae 
and groins. 5) During the tests, the rise in 
body temperature was higher in the oede-
matous infants (mean rise l.46°F.) than in 
the normal controls or the infants who had 
recently recovered from malnutrition (mean 
rise in both groups combined 0.70°F.). 
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COMMENT 
The above experiments show that infants 
suffering from severe malnutrition did not 
sweat freely when exposed to heat stress. 
No correlation was detected between the 
extent of the oedema and the severity of 
the impairment of sweat secretion. It is 
likely, therefore, that the dysfunction of 
the sweat glands was ,attributable to some 
aspect of malnutrition other than the 
oedema which had been our main criterion 
in the selection of the infants. The reduced 
sweat response of the oedematous children 
was not due to physical inactivity, because 
some members of the control groups per-
spired freely although they slept throughout 
the experiments. 
On the average, body temperatures rose 
higher in the oedematous infants than in 
the other subjects. The difference between 
the mean rise in body temperature in the 
oedematous group (1.46°F.) and that in the 
combined control groups (0.70°F.) was 
0.76°F. If this finding is subjected to statisti-
cal analysis by applying Fisher's t-test for 
significance of difference between means it 
is found that the probability of this being a 
chance finding is between 1:10 and 1:20. Al-
th~~gh this is not accepted as a highly prob-
ability value, it gains in significance by the 
fact that the same trend was observed in in-
fants exposed to heat stress for four hours. 
Therefore, the greater temperature rise in 
th.e oedematous infants was probably not at-
tnbutable to chance finding. 
However, it was not possible to predict in 
individual cases how the body temperature 
would change under the influence of heat 
stress. This can be explained to some extent 
by differences in motor activity among chil-
dren during the tests and by the relatively 
short time of exposure to thermal stress: all 
the oedematous infants were apathetic and 
hardly moved, whereas some of the other 
babies played in their cots with inexhausti-
ble energy. Furthermore, under "natural" 
conditions African infants are exposed to 
more severe and prolonged heat stress than 
tn the tests, because they are kept through-
out the day on their mothers' backs 
wrapped in blankets, or in ill-ventilated 
rooms which are roofed with corrugated 
iron. Physiologioal considerations suggest 
that under such conditions differences in 
body temperatures between normal infants 
and those with impaired sweat secretion 
may be more pronounced than in our ex-
periments. 
The cause of the impairment of sweat 
secretion in severe untreated malnutrition 
is unknown. A similar defect exists in pa-
tients suffering from congestive cardiac fail-
ure. These cases have raised body tempera-
tures during hot summer weather (Cohn 
and Steele, 1934) which have been at-
tributed to an impaired sweat secretion 
(Burch, 1946). The response of the sweat 
glands returns to normal when cardiac func-
tion improves under treatment. It is thought 
that the dysfunction of the sweat glands 
during congestive heart failure is caused, 
not by cardiac oedema, but by an impair-
ment of the peripheral circulation (Burch, 
1953). 
Infantile malnutrition (kwashiorkor) is 
not associated with congestive cardiac fail-
ure; but there is evidence that the periph-
eral circulation is markedly reduced by 
vasoconstriction (Utheim, 1920; Marriott, 
1920). Our observations over seyeral years 
have shown that this reduction occasionally 
assumes such proportions that the tips of 
the fingers, toes or ears undergo sponta-
neous gangrene. It is, therefore, suggested 
that the depression in the function of the 
sweat glands in infantile malnutrition may 
well depend on a poor peripheral circula-
tion. 
. Further work on this subject is proceed-
mg. 
SUMMARY 
Severely malnourished African infants are 
often feverish during hot summer weather. 
To elucidate the cause of this phenomenon, 
malnourished inf ants and controls were 
studied under standard conditions of heat 
stress with regard to sweat secretion and 
rise of body temperature. There was a 
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marked impairment in the function of the 
sweat glands in the malnourished infants 
and the mean body temperature rose higher 
than that of the controls. The derangement 
of the sweat secretion was not related to 
the extent of the nutritional oedema. There 
was no close correlation between impair-
ment of sweat secretion and rise in body 
temperature. The possible reasons for these 
observations are discussed. It is suggested 
that dysfunction of the sweat glands in 
severe malnub·ition is caused by a poor 
peripheral circulation. 
We wish to acknowledge the technical 
help of Miss U. B. Arvidson during the 
early stages of this work, and to thank Dr. 
A. M. Adelstein for the statistical evalua-
tion of the data. 
REFERENCES 
Burch, G. E.: Influence of environmental 
temperature and relative humidity on rate of 
water loss through skin in congestive heart 
failure in subtropical climate. Am. J. Med. Sc., 
211:181, 1946. 
Burch, G. E.: Management of the cardiac 
patient in a hot and humid environment. Arch. 
Int. Med., 92:1, 1953. 
Darling, R. C., Di Sant Agnese, P. A., Perera, 
G. A., and Andersen, D. H.: Electrolyte abnor-
malities of the sweat in fibrocystic disease of 
the pancreas. Am. J. Med. Sc., 225:67, 1953. 
Cohn, A. E., and Steele, J.: Enexplained 
fever in heart failure. J. Clin. Investigation, 13: 
853, 1934. 
Marriot, W. M.: Some phases of the pathol-
ogy of nutrition in infancy. Am. J. Dis. Child., 
20:462, 1920. 
Utheim, K.: A study of the blood and its 
circulation in normal infants and in infants 
suffering from chronic nutritional disturbances. 
Ibid., 20:366, 920. 
Disminuci6n de la Secreci6n del Sudor 
en Niiios Africanos Desnutridos 
Habiendose observado que nifios desnutridos 
africanos presentaban fiebre durante las 
epocas calurosas, los autores trataron de 
investigar la causa del fen6meno habiendo 
encontrado como resultado de su estudio dis-
minuci6n de la secreci6n sudoral en algunas 
etapas de la desnutrici6n por lo que creen que 
este defecto puede ser la causa de la fiebre en 
las epocas calurosas. 
Los estudios se hicieron comparativamente 
entre 13 nifios muy desnutridos y 15 nifios con-
trol bajo condiciones semejantes de esfuerzo 
ante el calor. Todos los nifios desnutridos eran 
edematosos; dos a seis semanas despues de la 
primera experiencia, se repiti6 al haber des-
aparecido el edema con un tratamiento diete-
tico. Los nifios control formaron dos grupos: 
uno de 8 nifios en buen estado nutricional 
(grupo 2) y 7 recuperados de desnutrici6n que 
no habian sido expuestos al calor previamente 
(grupo 3). A los tres grupos se les sujet6 a 
condiciones atmosfericas semejantes a las ex-
istentes durante las epocas calurosas en las 
habitaciones africanas mas pobres. La respuesta 
de las glandulas sudoriparas durante el experi-
mento se determin6 cuantitativamente por el 
metodo, ligeramente modificado, que han usado 
Darling y colaboradores en nifios con enfer-
medad fibroquistica del pancreas. 
Los resultados observados fueron: secreci6n 
sudoral inferior en los nifios edematosos desnu-
tridos que en los nifios control, con recuperaci6n 
de la capacidad de sudar libremente tan pronto 
como mejoraban de sus condiciones nutri-
cionales; no se encontr6 relaci6n directa entre 
la extensi6n del edema y el grado de disminu-
ci6n de la secreci6n de sudor ni tampoco que 
este fen6meno se localizara exclusivamente al 
abdomen, ya que abarc6 tambien todo el cuerpo 
incluyendo axilas e ingles; por ultimo, se ob-
serv6 un aumento mayor de temperatura 
corporal en los nifios edematosos que en los 
nifios control de ambos grupos. 
Puesto que no se encontr6 correlaci6n entre 
el edema y el grado de disminuci6n de la se-
creci6n sudoral, la disfunci6n de las glandulas 
se atribuy6 a algun otro aspecto de la desnutri-
ci6n aparte del edema. No se pudo predecir en 
los casos edematosos el cambio individual de 
la temperatura corporal bajo la influencia del 
calor, explicable quiza por las diferencias en 
actividad motora entre los nifios durante las 
experiencias. 
Se desconoce la causa de la disminuci6n de 
la secreci6n sudoral en los nifios desnutridos no 
tratados, pero los autores suponen, a semejanza 
de lo observado en pacientes con insuficiencia 
cardiaca, que la depresi6n funcional de las 
glandulas sudoriparas depende de una pobre 
circulaci6n periferica. 
[Reprinted from the British Journal of Nutrition, 1956, vol. IO, no. 2, p. 101.) 
[Brit. J. Nut,. 1956, IO, 101.] 
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An investigation of the rarity of infantile scurvy among 
the South African Bantu 
BY MARIANNE ANDERSSON AND A. R. P. WALKER 
Human Biochemistry Research Unit of the South African Institute for 
Medical Research, Johannesburg, and the South African Council 
for Scientific and Industrial Research 
AND H. C. FALCKE 
Department of Paediatrics, Coronation Non-European Hospital, Johannesburg 
(Received 2 August 1955) 
Various nutritional problems of Bantu infants and young children have been investi-
gated recently at this centre. We have studied, for example, the composition of breast 
milk (Walker, Arvidsson & Draper, 1954) and of the foods used at weaning (Walker, 
Fletcher, Strydom & Andersson, 1955), the utilization of nutrients by infants during 
and after gross malnutrition (Walker, Kahn & Reynolds, 1955) and so forth. One 
point which has particularly impressed us is that, though in all other respects the 
various stigmata of malnutrition and undernutrition are such as would be expected 
from the inadequate diet, infantile scurvy does not apparently occur. Thus, in 
Johannesburg, at Baragwanath Non-European Hospital (1350 beds), out of about 
6000 admissions under 2 years of age during the last 5 years, there have been only two 
cases of frank infantile scurvy. At Coronation Hospital (500 beds) within the last 
5-year period, there have been only two cases of the disease among over 3000 admis-
sions under 2 years of age. 
With breast feeding, particularly when practised for protracted periods as in rural 
areas in Africa, there is no doubt that the amount of vitamin C from the milk and 
from the irregular amounts of fruit and vegetables provided, is sufficient to protect 
against the development of infantile scurvy. In urban areas, however, breast feeding 
is practised for shorter periods, indeed, some mothers, in their desire to get back to 
work quickly, wean their babies as soon as possible after parturition. In such areas, 
the giving of fruit and vegetables is obviously limited, and it is generally accepted as 
being by no means uncommon for infants to be weaned on an almost exclusive diet 
of cereal 'paps' or similar foods, likely to contain either very little or no vitamin C. 
Under conditions where infantile scurvy would be expected to occur frequently, and 
occasionally severely, available evidence indicates the disease to be virtually absent. 
Freedom from the disease cannot be ascribed to racial differences: firstly, the disease 
occurs among American Negro (Hess, 1920) and also Indian (Singh, 1954) infants; 
secondly, scurvy occurs among Bantu adults (Bronte-Stewart, 1953; Grusin & 
Kincaid-Smith, 1954). 
In an endeavour to throw light on the subject, we have carried out an investigation 
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from severe malnutrition, and (2) Bantu infants seen in the out-patients' department. 
Studies have included clinical and radiological observations, also determinations of 
the vitamin C concentration in the plasma of the subjects examined, and in popular 
baby foods prepared by Bantu mothers. 
EXPERIMENTAL 
Subjects 
Malnourished children in hospital. The thirty-three children investigated in hospital 
were urban Bantu infants of ages ranging from 4 to 24 months, the mean age being 
I 1 months. Sixteen were severely malnourished, as shown by retarded growth, 
dyspigmentation of the skin and often of the hair, and occasionally by dermatosis and 
oedema. Four had gastro-enteritis, seven suffered from various infections; the 
remaining six had miscellaneous complaints. An X-ray examination of the femur was 
carried out for each child. 
'Normal' Bantu infants. Twenty-nine were selected from the out-patients' depart-
ment, having been brought there mainly for minor complaints or for a routine check . 
Their ages ranged from 4 to 18 months, the mean age being 10 months. 
Diet 
The malnourished subjects were rece1vmg no breast milk. Of the twenty-nine 
out-patient subjects, sixteen were wholly or partly breast fed; the remaining thirteen 
were having either very little or no breast milk. Only one patient, a malnourished 
subject, was said to receive fruit or vegetables regularly. The mothers of all the other 
infants said that such foodstuffs were given infrequently or not at all. The almost 
exclusive sources of nourishment were stated to be : ( 1) cereal 'paps' prepared with 
or without a little milk, (2) proprietary cereal-dried-milk mixtures prepared usually 
with water only, (3) dried-milk mixtures made up with water, and (4) miscellaneous 
mixtures (see Walker, Fletcher et al. 1955). 
Samples of foodstuffs for vitamin C determination were collected from preparations 
brought by mothers for feeding their babies while waiting at the out-patients' depart-
ment. A previous investigation (Walker, Fletcher et al. 1955) has revealed that such 
samples are representative of what urban Bantu mothers prepare at home for their 
young children. 
Methods 
In the plasma, the vitamin C present is usually regarded as being in transport to the 
erythrocytes, white cells and platelets (Bicknell & Prescott, 1953). Plasma vitamin C 
is thus the most labile of fractions present in the components of the blood, and in 
general reflects recent intake of the substance. Since the rarity of scurvy in Bantu 
infants is well recognized, it was thought that a verification of this belief might be 
best achieved by showing that a low plasma concentration of vitamin C ( consistent 
with a scorbutic state) was virtually absent in the series of subjects examined, whether 
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vitamin C concentrations in the plasma rather than in whole hood or 'huffy' layer. 
To determine the plasma value, 4 ml. blood were collected from the external jugular 
vein or from the femoral vein, usually about 3 h after breakfast. The blood was pre-
served with one drop of 30 % (w/v) potassium oxalate. In the first few determinations, 
two drops of 5 % (w/v) potassium cyanide were added, as recommended by Pijoan 
& Klemperer (1937), but this procedure was found unnecessary when determinations 
were carried out within an hour of collection. Vitamin C was determined by the method 
described by King (1947). The vitamin concentration in food mixtures was determined 
by the method described by Kon & Mawson (1950). 
RESULTS 
Results for the vitamin C concentrations in the blood plasma and in the infant foods 
are given in Tables I and 2. 
Radiological observations of the end of the femur showed .no stigmata of scurvy; 
for example there was no evidence of the 'white line' (Bicknell & Prescott, 1953; 
Graham, 1952). 
Table 1. Vitamin C concentration in the plasma of the urban Bantu infants, 
and values for American infants (Snelling, 1939) 




With various infections 
With miscellaneous ailments 
No. of subjects 

























• Mean value with standard deviation. 











t Among the thirty-one breast-fed infants eight were receiving orange supplements, but it was stated 
that there was no essential difference between groups with and without such supplementation. Among 
the artificially fed, seventy-nine infants given orange juice had a mean plasma concentration of 0·30 mg 
vitamin C, and forty-five with no orange juice of 0·12 mg vitamin C /100 ml. plasma. 
Table 2. Vitamin C concentration in the food preparations given 
to urban Bantu inf ants 
Vitamin C (mg/100 ml. mixture) 
No. of 
Type of food preparation samples Mean Range 
Cereal 'paps' IO 0·22 0-0·66 
Proprietary cereal- 6 0·11 0-0·22 
dried-milk mixtures 
Dried-milk mixtures 6 0·29 0-0·69 
Miscellaneous mixtures 6 0·43 0-0·93 
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DISCUSSION 
The clinical picture of infantile scurvy is well known (Hess, 1920; Bicknell & Prescott, 
1953; Graham, 1952). In no Bantu infant examined was there evidence of this disease. 
The possible presence of subclinical scurvy, however, could not be excluded. 
Table I indicates, firstly, that the values for plasma vitamin C in the sick subjects 
were compatible with an absence of frank scurvy, and secondly, that the values in the 
out-patient infants were similar to those given for American subjects (Snelling, 1939). 
The lower mean value for the infants in hospital is presumably related to the pre-
valence of infections among them: twelve of the group of sixteen severely malnourished 
infants were suffering from gastro-intestinal disorders. 
The source of the vitamin is puzzling. Its concentration in the baby foods examined 
was very low (Table 2). If, as we think often happens, babies are weaned exclusively 
on such foods, then their maximum daily intake can scarcely exceed a few milligrammes. 
Of the twenty-eight samples of foodstuffs examined, twelve contained no vitamin C; 
from the information obtained it has been calculated that of the sixteen remaining 
samples eleven provided a daily intake of less than 3 mg; the other five samples pro-
vided from 4 to 8 mg daily. Undoubtedly a large proportion of urban Bantu infants 
receive some vitamin C from fruit and vegetable sources, although all observations 
and inquiries made testify the irregularity of the practice. If such supplementation 
is the reason why scurvy among weaned or partly weaned Bantu infants is almost 
unknown, the implication is that all subjects examined by us, indeed, all such Bantu 
infants in general, are receiving supplements, which is highly improbable. Yet, the 
only alternative is to postulate an endogenous production of the vitamin. Further 
investigations to elucidate the problem are being undertaken. 
SUMMARY 
1. Thirty-three urban Bantu infants with severe malnutrition or other ailments 
necessitating hospital treatment and twenty-nine 'normal' infants attending the out-
patients' department, all under 2 years of age, were examined in Johannesburg for 
clinical or radiological evidence of scurvy. Their plasma vitamin C concentration and 
the vitamin C content of the foods given to the weaned or partly weaned infants were 
determined. 
2. No evidence of scurvy was found, and in all subjects the plasma vitamin C 
concentration was consistent with the absence of the disease, although the foods given 
to the infants contained very little vitamin C. 
3. It is submitted that the possibility of endogenous production of the vitamin 
cannot be excluded. 
This paper is published with the permission of the South African Council for 
Scientific and Industrial Research. 
' 
' 
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PARATHYROID FUNCTION IN VITAMIN D 
DEFICIENCY RICKETS 
I. Phosphorus Excretion Index in Vitamin D Deficiency Rickets 
in South African Bantu Infants 
L. S. Taitz, M.B., Ch.B. , B.Sc., and C. D. de Lacy 
The Department of Paediatrics, Baragwanath Non-European Hospital, Johannesburg; and Human Biochemistry Research Unit, Council for Scientific and Industrial Research, and South African 
Institute for Medical Research, Johannesburg, South Africa 
F OLLOWING early observations of Erd-heim1 and Pappenheimer and Minor2 
that the parathyroid glands are hypertro-
phied in children dying with vitamin D 
deficiency rickets, it was postulated that 
secondary hyperparathyroidism plays a part 
in the pathogenesis of the bone and bio-
chemical changes of this disease. In both 
rickets and hyperparathyroidism there is 
depression of inorganic phosphorus levels 
in plasma, elevation of alkaline phosphatase 
in serum, and bone demineralization, sug-
gesting that the two diseases have similar 
pathophysiological mechanisms. The thesis 
that the biochemical abnormalities found in 
simple rickets are due to overaction of the 
parathyroid glands has received strong sup-
port from Albright and his colleagues.3 
Much evidence, largely indirect or circum-
stantial, has accumulated supporting this 
view. The feeding of rachitogenic diets to 
experimental animals has been shown to 
produce parathyroid hyperplasia,4 while en-
largement of these glands has been re-
ported in patients with uremia associated 
with bone demineralization. 
Several workers have demonstrated that 
patients with osteomalacia secondary to the 
malabsorption syndrome have increased 
renal clearance of phosphate. 5 This has 
been accepted as presumptive evidence of 
(Submitted June 19, 1961; accepted July 20, 1962.) 
parathyroid overactivity, and it has been 
argued by analogy that the same response 
may occur in infantile rickets.6 
There are, however, certain important 
differences between adult osteomalacia and 
childhood rickets. Comparatively, the latter 
is a much simpler metabolic defect result-
ing from an isolated deficiency of vitamin 
D, whereas the adult disease in the western 
world is usually a complication of a severe 
metabolic disorder such as uremia or stea-
torrhea, and is associated with many com-
plicating biochemical abnormalities. Fur-
thermore, the infant is a rapidly growing 
organism with progressive increase of total 
body calcium, whereas the adult metabo-
lism is geared merely to the maintenance 
and repair of a static bone mass and the 
replacement of a small obligatory calcium 
loss in the stools and urine. 
The present study was undertaken in 
view of the paucity of direct evidence of 
parathyroid over-activity in infantile rickets. 
The method chosen for the assessment of 
phosphate clearance is the phosphorus ex-
cretion index (PEI) of Nordin and Fraser. 5 
This value is a function of the capacity of 
the renal tubule to re-absorb phosphorus 
and therefore, indirectly, of parathyroid ac-
tivity. It is based on the traditional device 
of relating the renal clearance of phospho-
The data presented in this paper form part of a thesis to be presented for the degree of Doctor of Medicine at the University of the Witwatersrand, Johannesburg. 
This study has been assisted by a grant from the Anne Cleaver Memorial Fund. 
ADDRESS: (L.S.T.) 1106 Von Brandis Heights, Petersen Street, Hillbrow, Johannesburg, South Africa. 
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rus to the glomerular filtration rate ex-
pressed as the clearance of endogenous 
creatinine. The PEI has an important ad-
vantage over data from other methods in 
that the value is corrected for the actual 
level of the inorganic phosphorus in plasma 
by means of an equation derived from 
studies on normal subjects. A further ad-
vantage, of particular importance in small 
children, is the fact that accurate measure-
ments of urine volume and minute output 
are not required. In addition, calcium in-
fusion tests were undertaken in order to 
define the nature of the renal tubular re-
absorption of phosphate in these patients, 
and its dependence on parathyroid activity. 
The metabolic data presented in this 
paper provide evidence that secondary 
hyperparathyroidism may play a funda-
mental role in the patho-physiological ad-
justment to vitamin D deficiency. 
MATERIAL AND METHODS 
Forty-three urban South African Bantu 
children, aged 4 months to 2 years, were 
studied. Patients were selected on the basis 
of clinical evidence of rickets. The criteria 
adopted were the presence of craniotabes, 
rachitic rosary, and expansion of the distal 
metaphyses of the forearm. All children 
showed radiologic evidence of rickets, 
while the blood urea concentration and 
routine urinalysis were normal in each pa-
tient. In seven patients radiologic examina-
tion showed evidence of commencing heal-
ing. 
The "normal" or control group consisted 
of eight infants who had normal weight for 
their age and showed no stigmata of mal-
nutrition or clinical, radiologic, or bio-
chemical evidence of rickets. 
The following investigations were car-
ried out on the patients and the normal 
controls. 
Determination of the phosphorus excre-
tion index (PEI) was carried out according 
to the method of Nordin and Fraser,8 modi-
fied in certain respects because of the ages 
of the subjects and consequent difficulty in 
urine collection. These modifications are as 
follows. In female children, urine samples 
were obtained by catheterization of the 
bladder, while in males, Pauls' tubing was 
attached to the penis with adhesive tape. 
Collection periods varied between 2 and 7 
hours, depending on the rate at which urine 
was voided. Blood specimens were always 
obtained at about the midpoint of the col-
lection period. The phosphorus and cre-
atinine concentrations in plasma and urine 
were determined according to the methods 
described by King and W ootton.10. This 
phosphorus-creatinine clearance ratio was 
calculated from the formula: 
Cp Per X Up 
Ccr Pp X Ucr' 
where C = renal clearance, p = inorganic 
phosphorus, er = creatinine concentration, 
U = urine, and P = plasma. 
The theoretical phosphorus-creatinine clear-
ance ratio was calculated from the formula: 
Cp 
Calculated-= Pp X 0.055 - 0.07 
Ccr 
By subtracting this figure from the actual 
ratio, the PEI was obtained. The theoretical 
( calculated) value is derived from values 
obtained from normal individuals subjected 
to varying plasma phosphate concentra-
tions, and represents a regression line ob-
tained from these data. 
Calcium infusion tests were performed 
on five patients with florid rickets accord-
ing to the method of Nordin and Fraser. 10 
In order to test the effects of high and 
low calcium and phosphorus intakes, 20 of 
the patients with florid rickets and the 8 
control subjects were given standard milk 
feedings, while the remaining 16 patients 
with florid rickets and the 7 patients with 
healing rickets were given 0.2% saline in 
dextrose water for 24 hours prior to the 
performance of the PEI. 
Alkaline phosphatase and calcium in 
serum were determined according to meth-
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Fie. 1. The phosphorus excretion index in normal Bantu infants, infants with active rickets while 
receiving milk or dextrose-saline feedings, and infants with healing rickets. Dotted lines repre-
sent normal range in adult white subjects. 
All patients were again x-rayed after one 
month's treatment with 5,000 units of vita-
min D daily to determine whether the 
rickets was responding to normal thera-
peutic doses of the vitamin. 
RESULTS 
The PEI values of the patients in the 
different groups are shown in Figure 1. 
Subjects with active rickets showed a range 
of - 0.16 to + 1.6 with a mean of +0.41, 
whereas the normal control group varied 
between - 0.22 and + 0.04 with a mean 
of - 0.125. Since only 6 of 37 subjects with 
active rickets had values falling within the 
normal range, these values are obviously 
signilicantly higher than those of the normal 
group. The patients with healing rickets 
showed a range of - 0.18 to + 0.4, with a 
mean of +0.034, which is signilicantly 
lower than in the active group but sig-
nificantly higher than in the control group 
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TABLE I 
RESULTS OF CALCIUM INFUSION TESTS IN FIVE CHILDREN WITH SIMPLE RICKETS 
Infusion 
Hours Findings* 1 f/3 3 4 5 
PEI +o.6 +o.52 +0.82 +0.91 +o.37 
2 Ca 8.4 8.0 9.4 8.0 8.3 
p 2.7 2.7 4.3 3 .1 5 .4 
GFR .. .. .. 67 61 
4t . . .. . . . . . . .. 
PEI +0.10 +0.40 +0.24 +o.38 +0.16 
6t Ca 9.4 9.4 11.6 9 .4 10 .2 
p 2.9 2.8 5.2 3.1 6.S 
GFR .. . . . . 7S 64 
8 PEI +0.20 +o.2s +o.4o +0.02 +o.os 
10 PEI +0 .12 . . . . . . .. 
12 PEI +0.24 +o.S4 +0.50 +0.28 +0.28 
14 PEI +0.50 +o.49 +o.78 +0.41 +o.4o 
16 . . . . .. .. . . .. 
18 PEI +o.48 +o.48 -0.83 +o.56 +o.ss 
20 .. .. . . . . . . .. 
22 PEI +o.5o .. .. +0.10 +0.31 
PEI +o.49 +o.49 +0.80 +o.65 +o .so 
24 Ca 8.7 9 .S 9 .6 8.0 8.0 
p 2.7 2.8 4 .2 s.s 6 .6 
Ca Inf 15 20 20 20 25 
* PEI=phosphorus excretion index; Ca=calcium in serum (meq/liter); P=phosphorus in plasma (mg/100
 
ml); GFR=glomerular filtration rate (ml/min / M2); Ca lnf=calcium infused (mg/kg). 
t Period of infusion. 
(t test; p < 0.05).1 2 There is no significant 
difference between the subjects given milk 
feedings as compared with those given 
saline (p < 0.4 > 0.3). 
Calcium levels in serum in the rachitic 
children ranged from 2.5 to 4.8 meq/liter, 
with a mean of 3.5 meq/liter, whereas the 
control subjects had calcium levels ranging 
from 4.2 to 4.8 meq/liter, with a mean of 
4.5 meq/liter. 
The alkaline phosphatase level was above 
25 King-Armstrong units in all but three of 
the subjects with active rickets, below 25 
King-Armstrong units in all except one sub-
ject with healing rickets, and in all the 
control subjects. 
The relationship between the inorganic 
phosphorus in plasma and PEI is illustrated 
in Figure 2. Patients with phosphorus levels 
exceeding 3.5 mg/100 ml had a significantly 
lower PEI than patients with phosphorus 
levels below 3.5 mg/100 ml (p < 0.001). 
Figure 3 demonstrates the relationship 
between the alkaline phosphatase and the 
PEI ( correlation co-efficient r = 0.44; sig-
nificant at 5%). 
ARTICLES 879 
The results of the calcium infusion tests 
are demonstrated in Table I. In each pa-
tient there is depression of the PEI, with 
elevation or no change of the plasma phos-
phorus, followed by a return to near previ-
ous levels within 24 hours. 
COMMENT 
It is clear from these observations that 
infants with active rickets have marked im-
pairment of their ability to re-absorb phos-
phorus when compared with normal con-
trols. Previous workers have assumed that 
a tendency to phosphorus diuresis is a 
manifestation of hyperparathyroidism,10 but 
it has been pointed out11 that increased 
phosphate clearance is a nonspecific re-
sponse which reflects merely an altered 
maximal tubular re-absorption (Tmp) for 
phosphorus which may be caused by a 
number of metabolic disorders such as 
Cushing's disease, the renal tubular dis-
orders, myxedema, cirrhosis of the liver, 
and renal calculi. All these possibilities 
have been excluded in our choice of sub-
jects. 
The use of the PEI as a function of para-
thyroid activity has been criticised because 
some workers have found that the PEI may 
be normal in certain subjects with hyper-
parathyroidism.12 These false-negative re-
sults do not appear to occur frequently 
enough to invalidate the type of statistical 
study that we have undertaken. 
It cannot be completely excluded that the 
phosphate diuresis demonstrated may be 
due specifically to the effect of vitamin D 
deficiency on the renal tubule. It is well 
known that amino-aciduria is commonly 
present in children with vitamin D de-
ficiency rickets and that is disappears when 
small doses of vitamin D are administered. 
It would not be surprising if an inability to 
re-absorb phosphate were another mani-
festation of the effect of vitamin D defici-
ency. This problem cannot be discussed 
without a brief allusion to the long-standing 
controversy regarding the action of vitamin 
D on the renal tubule. 
The classic view that vitamin D causes a 
phosphate diuresis was advocated by Al-
bright and his colleagues,3 who believed 
that this effect was usually masked by the 
increased calcium absorption from the in-
testine and resulting suppression of para-
thyroid activity. Harrison, on the other 
hand, considered that vitamin D caused 
phosphate retention,13 while icolayson 
and Eeg-Larsen14 recently stated that there 
is no convincing evidence that the vitamin 
has any renal action at all. 
The results of the calcium infusions tests 
in our patients throw some light ori this 
problem, since they show an unequivocal 
fall in urinary phosphate clearance when 
calcium is administered intravenously. 
This fall is not due to depression of glo-
merular filtration rate ( clearance of endoge-
nous creatinine) which remained unaltered 
in two patients in which it was measured. 
Furthermore, the data have been expressed 
as a ratio of phosphorus to creatinine clear-
ance, which would be unchanged were a 
fall in glomerular filtration rate the only 
factor involved. It may thus be concluded 
that the findings indicate that intravenous 
calcium increases the tubular reabsorption 
of phosphate in rachitic infants. This con-
clusion is identical with the observation of 
Nordin and Fraser10 in subjects with oste-
omalacia and in normal subjects, and those 
of Ko and Fellers1 5 in children with familial 
hyperphosphataemic rickets. The exact sig-
nificance of these observations is not quite 
clear but there are good theoretical grounds 
for explaining them on the basis of para-
thyroid depression, since the principal con-
trolling factor in the secretion of parathy-
roid hormone is the level of serum calcium. 
In addition, there is both radiologic and 
histologic evidence that parathyroid over-
activity occurs in both osteomalacia and 
familial hypophosphataemic rickets. 15• 18 It 
is therefore concluded that phosphate 
clearance in simple rickets is not indepen-
dent of parathyroid control. Furthermore, 
the magnitude of the fall in PEI which we 
have demonstrated (in some cases reverting 
toward normal) suggests that the elevation 
of phosphate clearance is largely the result 
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Frc. 2. Relation of phosphorus excretion index to plasma phosphoru
s in infants with active rickets. 
of parathyroid overaction, while not exclud-
ing a contributory role to other factors such 
as vitamin D deficiency. 
Considerable difficulty was experienced 
in attempting to achieve marked elevation 
of the serum calcium level despite the fact 
that doses of intravenous calcium far in ex-
cess of those recommended by Nordin and 
Fra~er1 0 (15 mg/kg) were used in several 
of the patients. 
We are not able to explain the reason for 
this, but several factors have been consid-
ered, including the ages of the subjects (all 
less than 7 months of age) and the extreme 
severity of their bone disease. It is possible 
that the bones of these young and grossly 
rachitic infants may have a tremendous ca-
pacity for removing calcium from the 
blood. 
Despite the modest elevation of serum 
calcium attained, the response of the phos-
phate clearance appears clearcut, indicating 
how sensitive the parathyroid-renal axis 
may be in these patients. 
Two further points of interest arise. First, 
there is the relationship which has been 
demonstrated between the PEI and plasma 
inorganic phosphorus. The inverse correla-
tion suggests that there is an important 
causal relationship between these factors. 
Indeed, it seems likely that secondary hy-
perparathyroidism is the main mechanism 
responsible for the hypophosphataemia and 
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FIG. 3. Relation of phosphorus excretion index to alkaline phosphatase in infants with active rickets. 
ets. Secondly, it is obvious that over-action 
of the parathyroids occurs in the ma-
jority of patients with rickets. Several re-
cent publications do not stress the impor-
tance of this phenomenon and give the im-
pression that it is comparatively infre-quent.16, 11 
Assuming that hyperparathyroidism is the main mechanism of the decalcification 
which occurs in rickets and osteomalacia, it remains to be explained why the radio-
logic and histologic findings in these dis-
eases differ from those of primary hyper-
parathyroidism. The possible explanation of these findings is based on the current view that parathyroid hormone exerts two 
separate effects, one on bone and the other on the kidney.19 
In rickets the major effect of parathyroid overaction is to lower the phosphorus level 
in plasma since its secretion is kept in check 
by the increase in the calcium level result-
ing from the direct bone action. This re-
sults in hypophosphataemia and a fall in the calcium- X -phosphorus-solubility ( activ-
ity) product. If this product falls below 30, calcium triphosphate cannot be incor-
porated in the hydroxyapatite bone crys-tals.11 • 18 This in tum leads to the formation 
of uncalcified osteoid and the stimulation of osteoblast activity and excess matrix for-
mation, thus producing the characteristic histologic features of osteomalacia. 
In primary hyperparathyroidism the bone 
action is dominant, presumably because the parathyroids have become independent of 
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the serum control mechanisms. There 
is 
thus progressive bone erosion, osteocla
st 
stimulation, and fibrosis resulting in osteit
is 
fibrosa cystica. Clearly mixed pictures ma
y 
occur, particularly in long-standing cases o
f 
malabsorption osteomalacia, while childre
n 
with very severe vitamin deficiency ricket
s 
or "tubular" rickets show subperiostea
l 
bone resorption characteristic of osteit
is 
fibrosa cystica. 20 
A surprising finding in the study has 
been the wide range of the alkaline phos
-
phatase-values and the broad scatter presen
t 
when they are correlated with the PE
I 
(Fig. 3). These findings suggest that othe
r 
factors may also play a part in the elevatio
n 
of the alkaline phosphatase that occurs i
n 
rickets. Nevertheless some correlation ha
s 
been demonstrated between the alkalin
e 
phosphatase and the PEI. Discussion of th
is 
aspect, together with an analysis of th
e 
PEI in relation to calcium levels in serum
, 
is the subject of a further contribution. 
Finally, it must be pointed out that the 
PEI levels in the control group in this serie
s 
(range - 0.22 to + 0.04) differ significantl
y 
from those of Nordin and Fraser,5 whos
e 
53 subjects showed a mean of O + 0.0
9 
(p < 0.05). This discrepancy may be ex-
plained in two ways. An unlikely possibilit
y 
is that the observation is a racial variant i
n 
the South African Bantu child . . A secon
d 
and more plausible possibility is · that chi
l-
dren have a relative hypaparathyroidism
 
when compared with adults, ·since eigh
t 
adult Bantu had PEI levels within. the nor
-
mal range of Nordin and F~ser. -The rapi
d 
incorporation of calcium" in the ·· growin
g 
bone of infants, together with :the fact tha
t 
they tend to have plasma phosphorus level
s 
which are about 2 mg/ 100 ml higher tha
n 
in adults, supports this view. A possibl
e 
explanation of this finding may be that th
e 
higher calcium intake of children may lea
d 
to suppression of the parathyroid glands
. 
SUMMARY 
A study of South African Bantu infants 
with vitamin D deficiency rickets reveale
d 
marked elevation of the phosphorus excre
-
tion index (PEI) as measured by th
e 
method of Nordin and Fraser. This findin
g 
is interpreted as evidence of secondary hy
-
perparathyroidism, since the PEI was de
-
pressed by intravenous calcium infusion
. 
In view of the inverse relationship demon
-
strated between phosphorus excretion an
d 
the plasma phosphorus levels in these chi
l-
dren, it is suggested that secondary hyper
-
parathyroidism may play a fundamenta
l 
role in the evolution of the biochemica
l 
findings in this disease. An hypothesis 
is 
put forward to explain the histologic diffe
r-
ences between rickets and primary hype
r-
parathyroidism on the basis of the doubl
e 
action of parathyroid hormone. The PEI 
is 
a suitable technique for investigation o
f 
problems of calcium-phosphorus metabo
-
lism in childhood. 
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SEVERAL W
ORKERS have drawn attention 
to the varying biochemical patterns in 
patients with rickets and osteomalacia.
1 • 2 
Calcium concentration in serum usually 
is 
normal or slightly decreased, and pho
s-
phorus in plasma is often low, but on ocas
-
sion may be normal or even slightly ele
-
vated. Occasionally however, calcium con
-
centrations may fall to extremely low level
s 
leading to hypocalcemic tetany. These var
i-
ations have been interpreted as indicatin
g 
differing levels of parathyroid activity. Re
i-
fenstein3 has suggested that normal calcium
 
concentration and low inorganic phos
-
phorus values indicate marked hyperpara
-
thyroidism, low calcium and phosphorus in
-
dicate a moderate parathyroid response
, 
while low calcium with tetany and hig
h 
phosphorus means a failure of the para
-
thyroid response. While this view ha
s 
gained wide acceptance, it has never bee
n 
proved conclusively, and Nelson
4 has stated 
that the mechanism of rachitic hypocalce
-
mic tetany remains obscure. Although som
e 
workers have shown elevation of calcium
 
concentrations by parathyroid hormone i
n 
rachitic subjects,5 the problem is furthe
r 
complicated by reports that tetany assoc
i-
ated with rickets or osteomalacia is some
-
times refractory to administered parathy
-
roid hormone, 6 • 7 thus raising the possibilit
y 
that low calcium level may result, not from
 
a failure of the parathyroid gland to kee
p 
pace with increased demands, but from a
n 
(Submitted June 19, 1961; accepted July 2
0, 1962.) 
acquired failure of bone and kidneys t
o 
respond to increased circulating parathy
-
roid hormone. Such a state of tissue refrac
-




whole problem must be viewed in the ligh
t 
of current opinions regarding the action o
f 
the parathyroids. It has been suggested
8 •
9 
that the two actions of these glands, i.e
., 
calcium mobilizing effect and phosphaturi
c 
effect, are independent and may be med
i-
ated by separate hormones. Recent wor
k 
however has suggested that the hormon
e 
may consist of a single polypeptide chai
n 
which mediates both effects.17 
These unresolved problems prompted the 
present study, which attempts to elucidat
e 
the role of the parathyroid glands in th
e 
pathogenesis of tetany in rickets. An en
-
deavor will be made to relate the calcium
 
level and radiologic findings to the degre
e 
of parathyroid activity represented by th
e 
phosphorus excretion index (PEI) of No
r-
din and Fraser,10 and the plasma inorgani
c 
phosphorus levels. 
MATERIAL AND METHODS 
The findings reported in this study were 
partly described in Part P
1 and consisted of 
data obtained from 36 of the Bantu chi
l-
dren between 4 and 24 months with activ
e 
rickets described in that paper. Nine sub
-
jects had clinical evidence of tetany as man
-
ifested by irritability, carpopedal spasm, o
r 
ADDRESS : (L.S .T.) 1106 Von Brandis Hei
ghts, Petersen Street, Hillbrow, Johannesb
urg, South Africa. 




convulsions, together with a positive Chvos-tek's sign. 
The following investigations were carried out: phosphorus excretion index (PEI) ac-cording to our modification of the method of Nordin and Fraser11 ; calcium in serum, according to the method of Langendorf1 2 ; alkaline phosphatase in serum and inor-ganic phosphorus in plasma, according to methods described by King and Woot-ton.13 
X-ray observations of one wrist, shoulder joint, and the rib ends of each subject, were classified into five grades of severity on the basis of the radiologic findings by a radio-logist unaware of the respective biochemi-cal findings. Grade 1 ( +) indicated doubt-ful irregularity and cupping of the meta-physes of tl1e lower ends of ulna and radius and costochondral junctions. Grade 2 ( +) indicated slight but definite cupping of metaphyses of radius, ulna, and costochon-dral junctions. Grade 3 ( + +) indicated marked irregularity of metaphyses of ulna, radius, and costochondral junctions. Grade 4 (+ + +)indicated gross changes of meta-physes of ulna, radius, and costochondral junctions, with well-marked irregularity of upper end of humerus. Grade 5 ( + + + + ) indicated extremely gross rickets with disor-ganized metaphyses, fractures and chest de-formities. 
Five patients were in Grade 5 (mean age 14 months) , 8 in Grade 4 (mean age 7 months), 11 in Grade 3 (mean age 8 months) , 5 in Grade 2 (mean age 7 months), and 2 in Grade 1 (mean age 6 months). Five patients could not be classified be-cause of unsatisfactory x-ray pictures. 
RESULTS 
All nine patients with tetany had calcium levels less than 3 meq/ liter. Two of these subjects had PEI values exceeding +0.35, while 6 had values below +0.2. The PEI values in the tetanic subjects ranged from - 0.10 to +0.93, with a mean of +0.20. In the remaining 27 subjects, the PEI ranged from -0.17 to +1.6, with a mean of +0.51. 
TABLE I 
R E LATION OF C ALCI UM CONCENTRATION IN S ERUM 
TO THE PHOSPH ORUS E XCRETION I NDE X 
PEI 
<+0.32 
> + 0.32 
Cakium in Serum 
<3 meq/ l I 3-4 meq/ l I < 4 meq/ l 




6 I · 7 10 
The difference between the PEI values in tetanic and nontetanic subjects is statisti-cally significant (p < 0.001). Plasma-phos-phorus levels in the tetanic group ranged from 2.5 to 5.1 mg/100 ml, with a mean of 3.7, as opposed to a mean of 3.18 for non-tetanic subjects. The considerable overlap between the tetanic and nontetanic groups at relativtly low PEI values suggests that patients with less-marked hyperparatl1y-roidism constitute a heterogeneous group. Further analysis was therefore undertaken to separate these patients into homogenous pathophysiologic entities. 
In order to avoid bias, patients with rela-tive hypoparathyroidism were separated from those with marked hyperparathyroid-ism simply by dividing the subjects into two equal groups of 18-those with PEI's of less than + 0.32 and those with PEI's of more than + 0.32. A similar arbitrary divi-sion was carried out on the basis of the plasma phosphorus level. A level of 3 mg/ 100 ml divided the patients into two equal groups of 18 patients. 
Table I shows the calcium concentrations in serum in the subjects according to a PEI of less than or greater than +0.32. The uneven distribution is not quite statistically significant on analysis of variants (p < 0.2 > 0.05). Table II shows the calcium levels in the subjects according to phosphorus levels greater or less than 3 mg/100 ml. Analysis of variants shows the uneven dis-tribution to be statistically significant (p < 0.05). 
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lationship of various biochemical data t
o 
radiologic severity of the bone changes
. 
PEI values are highest in Grade 5, lowe
st 
in Grade 4, and intermediate in Grades 
3 
and 2. Grade 1 is not considered, becaus
e 
only two patients were in this group. Ana
l-
ysis of varients shows that these difference
s 
are significant (p < 0.05). Calcium values 
in serum are almost identical in Grades 
5, 
3 and 2 but low in Grade 4. This diffe
r-
ence is statistically significant (p < 0.01). 
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Fie. 1. Relation of phosphorus excretion 
index, calcium in serum (meq/ 1), phospho
rus in plasma (mg/ 
100 ml), and alkaline phosphatase (Kin
g-Armstrong units) to the degree of rad









Grade Cases (meq/ l) (mg/100 ml) 
(KA units) 
(no.) 
M ean Range Mean Range Mean Range M ean Range 
--
5 (++++) 5 4 S.4--4 .8 2. 5 2.2-2.8 + o .95 + o .5 to + 1.6 72 18-108 
4 (+++) 8 2. 78 2 .5- S.4 S.7 S .0--4.5 +0 .15 -0 .04 to +5 57 16- 100 
8 (+ +) 11 S.9 2.7--4. 6 2.8 1. 7--4 .3 +o .46 +0 .1 to +9 48 18- 106 
2 (+ ) 5 4 .1 3 .4--4.4 3 .9 2 .S-6 .6 + o .56 - 0 .17 to + 1.4 51 35- 70 
Normals 8 4.5 4 .2--4 .8 5.5 4 .5- 6 .3 - 0 .14 -0 .22 to + o .04 20 15-24 
-
Plasma phosphorus levels are low in Grades 5 and 3 and high in Grades 4 and 2. These differences are also significant (p < 0.05). The differences between the alkaline phos-phatase levels in each of the grades are not significant. 
The data of individual patients are given in Table IV. Renal function was assessed in the tetanic and nontetanic groups by the following methods: (a) plasma creatinine in all patients, (b) blood urea in all patients, and (c) glomerular filtration rates (endo-genous creatinine clearance) in three non-tetanic and two tetanic subjects not in-cluded in this series. There was no statisti-cal difference between the two groups (Table V). 
Figure 2 shows the relationship between phosphorus in plasma and calcium in serum, with differential plotting of varying degrees of radiologic severity and parathyroid ac-tivity. Values for patients with very severe rickets ( + + + +) and high PEI values ( > + 0.2) do not overlap values for moderately severe cases ( + + +) with relatively low PEI values (PEI < + 0.2). 
COMMENT 
It has been shown that the PEI is in-creased in children with Vitamin D defici-ency rickets.11 This index is a function of the capacity of the renal tubule to reabsorb phosphate, and elevation of the PEI is strong presumptive evidence of parathyroid hyperfunction. These findings conform with 
the hypotheses of earlier workers14 and agree with the observations of Nordin and Fraser10 in adults with osteomalacia sec-ondary to the malabsorption syndrome. It has also been demonstrated that children with rickets who had relatively high phos-phorus levels had relatively decreased para-thyroid activity on the basis of the PEI when compared with children with low phosphorus levels. A direct correlation of moderate significance was found to exist between the PEI and alkaline phosphatase levels. 
Certain difficulties arise when the cal-cium concentration in serum is compared with the PEI or the phosphorus concentra-tion in plasma. These difficulties result from the fact that the rachitic subjects presented do not represent a homogeneous group and may belong to any of several categories. This applies particularly to patients with evidence of relatively low parathyroid ac-tivity. Such subjects may have (1) very mild but active rickets, (2) biochemical but not radiologic features of commencing healing, and (3) parathyroid "failure." 



















1 4 Good 54
.0 2.6 3.8 +o
.49 0.7 +++ 
2 7 Poor 19
.2 2.9 3.7 +
0.08 0.69 +++ 
3 12 Good 5
3.0 2.8 3.5 
+0.01 0.67 +++ 
4 3 Good 100
.8 2.5 4.5 +0
.12 0.7 +++ 
5 5 Poor 4
0.0 2.7 3.0 
+0.14 0.88 +++ 
6 4 Poor 29
.0 2.6 5.21 -
0.10 0.66 ± 
7 7 Good 7
5.0 2.8 4.1 
-0.04 0.77 ++ 
8 12 Poor 4
2.5 2.7 2.5 
+o.93 0.7 +++ 
9 8 Poor 1
6.0 2.5 3.4 
+o.o9 0.69 +++ 
Nontetanic Subjects 
1 9 Poor 
.. 3.7 
2 6 Good 4
0.5 3.4 
3 17 Poor 1
7 .8 3.4 
4 7 Good 3
8.7 4.3 
5 3 Good 5
3.0 4.5 
6 6 Poor 
51.5 4.6 
7 6 Poor 2
7.3 3.6 
8 18 Poor 4
6.0 4.2 
9 5 Good 10
8.0 3.5 
10 6 Poor 
76.0 4.0 
11 IO Poor 
68.5 3.4 
12 6 Good 
52.3 4.5 
13 17 Poor 
107.0 3.6 
14 6 Good 
72.0 4.6 
15 8 Good 
50.0 4.2 
16 9 Poor 
36.7 4.3 
17 6(±) Good 
46.5 4.4 
18 5 Good 
53.7 3.3 
19 7 Good 
34.0 4 
20 5 Good 
60.0 4.4 
21 18 Good 
60.5 4.3 
22 6 Poor 
.. 3.6 
23 7 Poor 
67.0 4.3 
24 IO Poor 
100.0 4.8 
25 5 Poor 
33.0 3.6 
26 IO Poor 
17.0 4.2 
27 5 Good 
100.0 3.4 
* Good nutrition=weight ex
ceeding 3rd percentile. 
ifestly the PEI and inorga
nic phosphate 
levels in plasma cannot be
 used for the 
purpose. 
Tables I and II taken in
 conjunction 
show that patients with rela
tive hypopara-
thyroidism (i.e., PEI, < +0.32; phosp
horus, 
> 3 mg/100 ml) tend to have a bimod
al 
2.3 +0.24 0.69 +
+ 
2.3 +o.54 0.75 + 
2.2 +0.50 0.66 +
+++ 
2.9 +0.29 0.71 +
+ 
4.5 +o.39 0.73 +
+ 
2.0 +o.98 0.71 +
+ 










2.53 +o.14 0.68 +
+ 
















2 .6 +o.95 0.7
3 ++++ 
2. 1 +0.21 0.72
 .. 








3.4 +o.os 0.7 
+++ 
distribution of calcium co
ncentration in 
that the calcium levels are
 either normal 
(> 4 meq/1) or very low ( < 3 meq/
1), with 
few patients having interm
ediate calcium 
levels. Clearly such a distri
bution suggests 
that two types of subject are
 being grouped 
together, i.e., patients with
 very mild ric-
ARTICLES 889 kets (high calcium levels) or patients with parathyroid "failure." Subjects with early healing rickets might fall into either cate-gory, since it has been shown that tetany may be precipitated by the administration of calciferol to patients with rickets, pre-sumably as a result of suppression of the parathyroid glands consequent to increased calcium absorption from the bowel and the rapid incorporation of calcium into the ex-cess uncalcified bone matrix.4 The bimodal distribution is illush·ated by Figure 2, if the graph is rotated so that the serum cal-cium concentrations come to lie along the horizontal axis. 
Tables I and II also illustrate the fact that in only two instances did profound hypocalcemia occur where there was evi-dence of marked hyperparathyroidism. These two subjects art of considerable in-terest since severe hypocalcemia devel-oped with PEI values of +0.93 and +o.49 respectively. 
Assuming that parathyroid failure is the cause of the hypocalcemia, it must be con-cluded that failureof the calcium-mobilizing component of parathyroid hormone may oc-cur before or independently of failure of the phosphaturic component. This is a highly speculative hypothesis but attractive because it maintains a unitarian concept of the pathogenesis of rachitic tetany. 
An alternative explanation for these find-ings is that the tetanic children for some reason have impairment of glomerular fil-tration (GFR) with phosphate retention leading to hyperphosphatemia and a re-sulting fall in the calcium content. The 
theoretical and empirical objections to this view seem overwhelming. (1) Plasma creati-nine and urea levels were identical and within normal limits in both groups. It is unlikely that phosphate retention severe enough to lower the calcium content could occur without some elevation of urea or creatinine. (2) The method employed here for expressing phosphate excretion (PEI) refers specifically to tubular function, and it should be unaffected by changes in GFR. Indeed Nordin and Fraser10 have demon-strated elevation of the PEI in uremic pa-tients with moderate phosphate retention. It would thus be illogical to explain the de-pression of PEI in tetanic subjects on the basis of impaired GFR. (3) The clearance of endogenous creatinine was identical in two tetanic and three nontetanic subjects. It is therefore concluded that the rela-tive decrease of the PEI and elevation of the plasma phosphorus in tetanic patients is tubular in origin, not glomerular, and that the most likely explanation is de-creased parathyroid activity. 
The introduction of a further parameter, the degree of radiologic severity of bone changes, further clarifies the problem of the mixed populations. Three biochemical pat-terns become evident. Grade 5 ( + + + +) patients with very severe bone changes show the highest PEI values, lowest plasma phosphorus levels, and relatively normal serum calcium concentrations. This suggests a picture of intense parathyroid over-activity. Grades 2 ( +) and 3 ( + +) patients are rather similar and probably do not warrant separate analysis. The PEI values in these 
TABLE V 





"' Two subjects. 
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Fie. 2. Relation of calcium in serum 
(meq/ 1) to phosphorus in plasma (mg
/ 100 ml) in infantile 
rickets (key: +++ or ++++ refer to the two most sever
e radiologic grades). 
patients in general are moderately eleva
ted, 
while the phosphorus concentrations
 in 
plasma are low or slightly decreased. B
oth 
PEI and phosphorus values show a w
ide 
variation. Calcium levels are relatively 
nor-
mal or slightly depressed, with one ex
cep-
tion. It is among these patients that mix
ing 
of different biochemical variants is m
ost 
evident and probably accounts for the w
ide 
range of both PEI and phosphorus val
ues. 
Intermediate between these two group
s 
are the Grade 4 ( + + +) patients who show 
significantly lower PEI values and calc
ium 
concentrations, and high phosphorus lev
els. 
These are the features of relative second
ary 
hypoparathyroidism or secondary pseu
do-
hypoparathyroidism. 
There are not enough subjects in Grad
e 
1 ( +) for detailed analysis. 
Several points of interest arise from th
is 
analysis. It is clear that very gross ric
kets 
and moderately severe rickets are both
 as-
sociated with a well-marked parathy
roid 
response differing only in degree betw
een 
the two groups. An intermediate gr
oup 
exists, however, in which the parathy
roid 
response is much less intense or even
 ab-
sent. It is in this latter group that m
ost 
cases of tetany occur. That these subj
ects 
form a distinctive group is further bo
rne 
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891 one by Figure 2, where it is clear that pa-tients with severe ( + + +) rickets and relatively low PEI values tend to fall close to each other, with very little overlap, when calcium values are plotted against phos-phorus values; whereas patients with severe bone changes ( + + + +) and marked eleva-tion of the PEI lie above and to the left of the former group. 
These findings correlate well with previ-ous observations on the incidence of tetany in the malabsorption syndrome,15 in which it has been found that patients with severe demineralization did not develop hypocal-cemic tetany. It seems likely that all sub-jects with rickets respond initially by de-veloping secondary hyperparathyroidism with moderately severe bone changes and maintenance of normal calcium levels. The subsequent course of the disease depends on whether the parathyroid response is maintained or not. 
Should parathyroid activity be main-tained or even increased, gross bone de-mineralization occurs with maintenance of normal calcium levels, as in Grade 5. Should the parathyroid response fail, the degree of bone demineralization is less marked, but a definite tendency to hypocalcemia and tetany develops, as in Grade 4. Sometimes tetany may intervene early, before marked bone changes have occurred or even before overt radiologic signs of rickets appear, due to a premature failure of the parathyroid response to decreased calcium absorption. This is illustrated by one subject in Grade 1 who developed hypocalcemic tetany. This child had no overt radiologic evidence of rickets, but the calcium level was elevated by the administration of small therapeutic doses of vitamin D (5,000 U daily). Early parathyroid failure during the course of vita-min D deprivation might explain some cases of idiopathic infantile hypocalcemic tetany. The clear-cut distinction between subjects in Grades 4 and 5 is probably the result of fortuitous hospital selection and is not a true reflection of the incidence in the population at large. On the basis of the hypothesis pre-sented herein, it would be expected that 
Grade 4 patients with high PEI values and normal calcium concentrations should oc-cur. It is likely that these patients do not come to the hospital unless tetany super-venes or the bone disease progresses to the stage of bone deformities, when they would then be classified as Grade 5. It is important in this regard to recall that in a sunny coun-try such as South Africa, active rickets rarely progresses beyond the toddler stage.16 The wide range of alkaline phosphatase in each of the grades is difficult to explain. Except for the moderate correlation previ-ously reported with the PEI,11 no clear-cut correlation could be demonstrated with any of the biochemical or clinical features. The data presented in this paper leave two important questions unanswered. In the first instance it is not clear whether hypo-calcemia results from a failure of the para-thyroid gland or from secondary "pseudo-hypoparathyroidism." Secondly we have not been able to elucidate what factor is re-sponsible for this failure. There appears to be no relationship to the age of the patients or their state of nutrition. These problems are at present under investigation. 
ADDENDUM 
MN, a 2-month-old Bantu infant, was admitted to the ward for treatment of gastroenteritis and hypertonic dehydration. Following good response to intravenous therapy, the infant was noted to be irritable, with carpopedal spasm; an initial diagnosis of postacidotic tetany was made. The chemical constituents of blood at this stage were as follows: sodium in serum, 135 meq/ 1; potassium in serum, 4.6 meq/ 1; chlorides, 104 meq/ 1; total carbondioxide content, 23.6 meq/ 1; calcium in se-rum, 2.7 meq/1; phosphorus in plasma, 3.5 meq/1; alkaline phosphatase, 54 King-Armstrong units; and blood urea, 22 mg/ 100 ml. Intravenous ther-apy was stopped, and calcium chloride in a dosage of 5 ml of a 1% solution was given orally every 8 hours. Radiologic examination showed the pres-ence of moderately severe rickets. 
During the following week the child remained in continuous tetany with calcium levels on alternate days of 2.5, 2.7, and 2.6 meq/ 1 respectively. Dur-ing this period the phosphorus in plasma showed progressive elevation, with values of 3.5, 4.2, and 5.2 mg/ 100 ml. At this stage the patient was given parathyroid extract, 100 units every 6 hours, with resulting elevation of the calcium and depression 
892 BON
E CHANGES 
of the phosphorus concentration to 
4.4 meq/1 and 
2 mg/ 100 ml respectively within 3
6 hours. Ad-
ministration of parathyroid hormone
 was stopped, 
an<l 24 hours later the calcium con
centration had 
fallen to 2.9 meq/ 1, with return of
 tetany, while 
the phosphorus increased to 3.8 mg
/100 ml. Re-
sumption of parathyroid therapy br
ought about a 
second prompt increase in calcium
 concentration 
(4.4 mcq/ 1) and decrease in phosph
orus (2.8 mg/ 
100 ml). 
These fin<lings indicate that this 
patient was 
highly responsive to parathyroid h
ormone, both 
regarding Lhe calcium mobilizing an
d renal action 
of hormone; they support the view
 in this paper 
that hypocalcemic tet::my in rickets
 results from 




H ypocalcemic tetany does not occu
r in 
South African Bantu infants with very
 gross 
bone changes of rickets. Rachitic ch
ildren 
with hypocalcemic tetany have signifi
cantly 
lower phosphorus excretion indices
 than 
those with normal or moderately decr
eased 
calcium levels. Tetany appears to oc
cur in 
a specific group of subjects with mode
rately 
severe bone changes, decreased phosp
horus 
clearance, and relatively high plasma
 phos-
phorus levels. It is suggested that this 
group 
represents either failure of the comp
ensa-




of idiopathic infantile tetany may b
e the 
result of premature failure of the comp
ensa-
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RICKETS IN THE TROPICS 
SIR,- We were much interested in the investigation of Drs. STRANSKY and DIZON, 
on rickets in Manila in the Philippines, which was recently published in your Journal 
(March 1956, page 232). As the above workers point out, present knowledge regarding 
the occurrence of the disease in the tropics and semitropics is somewhat contradictory. 
Thus, GELFAND in Southern Rhodesia, and TROWELL in Uganda, have testified to the 
rarity of the disease among African infants in these territories. At the same time, JELLIFFE 
at Ibadan in Nigeria, WILSON and WIDDOWSON in India, FELDMAN in Johannesburg, 
South Africa, and others have drawn attention to the commonness of the disease in crowded 
urban areas. 
At this centre, we have been studying several aspects of the calcium metabolism of 
the South African Bantu, and hence we became interested in the possible role of calcium 
deficiency in the aetiology of rickets. From a careful examination of available knowledge 
we have reached the conclusion that it has not been established that a low calcium intake 
per se promotes, still Jess causes, rickets.<ll Furthermore, we have obtained evidence 
which reveals that the popular view that rachitic bone is characterized by considerable 
demineralization is not correct ; only in very severe rickets does the percentage mineral 
composition of bone (5th rib) become markedly reduced.(2) 
However, the primary purpose of this letter is to indicate that the paradoxical situation 
referred to above has been the subject of a good deal of local enquiry, and over a long 
period we have been investigating the incidence of clinical rickets in Bantu infants in 
urban, peri-urban, and rural regions. The investigation, which includes observations on 
several hundred infants, is now almost complete. In brief, it has become apparent that 
in crowded urban centres, such as Johannesburg, up to the age of two years and very 
rarely thereafter, rickets is common and occasionally occurs very severely. In contrast, 
in the strictly rural areas, rickets has been found to occur far less frequently, and is then 
usually mild in character. While the basic diet consumed is much the same in all the 
regions we have studied (at least in so far as the virtual absence of ingested vitamin D is 
concerned) we have been struck by the great difference in the amount of clothing worn. 
Whereas the urban Bantu baby is usually very well clothed ( often more so than the European 
baby), the rural baby crawls and walks around partially naked. On this account and 
for other reasons, we consider that degree of exposure to available radiation is the pre-
dominating influencing factor. 
Our view may seem reasonable enough for the tropics and semitropics ; however, 
we may point out that much the same conclusion has been arrived at in studies undertaken 
in regions far to the north. Forty years ago, FINDLAY and FERGUSON carried out their 
classical investigation on the incidence of rickets in Glasgow, situated in latitude 58° N.(3) 
A salient finding was that although the diet consumed by the non-rachitic children was 
only slightly superior to that of the rachitic subjects, of the latter, 40 per cent. were not 
taken out regularly, while only 4 per cent. of the non-rachitic children had been confined 
indoors regularly. More recently, RusTUNG, in an inland Norwegian valley, latitude 
65°N., carried out a study on the occurrence of rickets.<4> The incidence of the disease 
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was found to be high particularly up to school age (30-40 per cent.). The diet was composed 
mainly of cereals and vegetables, with a variable though usually small supply of milk. 
RusTUNG found that freedom from rickets was closely associated with the length of time 
the children spent in the open air. 
We do not, of course, maintain that vitamin D status is the only factor worth con-
sidering : we certainly believe that there are other factors, the role and importance of 
which we have been endeavouring to determine. It is our hope that our observations, 
when published, may contribute to clarify and harmonize the present unsatisfactory state 
of knowledge. 
This letter is published with the permission of the South African Council for Scientific 
and Industrial Research. 
Human Biochemistry Research Unit. 
South African Council for Scientific and Industrial Research, 
South African Institute for Medical Research, Johannesburg. 
Department of Paediatrics, 
Coronation Non-European Hospital, 
Johannesburg. 
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CERTAIN BIOCHEMICAL FINDI IGS IN M:AN IN 
RELATION TO DIET* 
By A. R. F. Walker 
lluman Biochemistry Research Unit, South J1 frican Council for Scientifi-c and I ndmtrial Research, 
and South African Institute for Medical Research, Johannesburg, 
Union of South Africa. 
This paper deals primarily with observations made on the South African 
Bantu, upon whom, with a number of associate workers, I have been carrying 
out various investigations over the last ten years. The local Bantu differ 
from the white population in numerous ways: in diet, biochemistry, hematology, 
physiology, and pathology. In some respects, these people are the objects of 
our sympathy; in others, they are most certainly the objects of our envy. 
In some countries there would seem to be a limited choice of problems in 
human nutrition to investigate, but in South Africa it is a question, rather, 
of which fascinating problem one should attack first. In the course of my 
work I have touched upon many fields, any one of which could well engage 
the attention of several workers for many years. I have endeavored to inves-
tigate some problems intensively; I have merely scratched the surface of others. 
Although the Union of South Africa is about one sixth of the area of the United 
States, its white population is about one fourth of that of New York, N. Y.; 
its total population is less than one tenth of that of the United States. Having 
a Bantu population living on one's doorstep, so to speak, causes one to realize 
that in South Africa the fields of research are ripe for harvest and that the 
laborers are far too few. 
Diet 
The Bantu of South Africa number about 97~ million; accordingly, they 
greatly outnumber th-: white population of about 3 million. In addition, 
there are about 1 million Eurafricans and one half million Asiatics. Of the 
Bantu, roughly one third dwell in Native Reserve areas, about one third 
work on farms owned by white people, and the remainder are urbanized, 
working in government and municipal departments, in industry, and as 
domestic servants. These people, therefore, may be observed in various stages 
of dietary transition, from the primitive living off the land to the urban house-
boy consuming a largely Europeanized diet. The Bantu diet, speaking 
generally, includes a large amount of cereals, which supply SO to 90 per cent 
of the total calories in the food consumed. Such cereals, usually whole-ground 
or lightly milled, comprise maize (corn), "kaffir corn" (Sorghum vulgare), 
and wheat. The maize and kaffir corn products are eaten, not only as a variety 
of porridges, but as fermented foods (such as marewu, lambalaza, and kaffir 
beer). These foods, being traditional, are widely consumed, often in large 
volume. This particular characteristic will be referred to again. The wheat, 
* This paper is published with the permission of the South African Council for Scientific 
and Industrial Research. 
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of course, is consumed as bread (about one half white and one half whole 
grain bread); its consumption is becoming increasingly popular near and in 
the large centers of population, perhaps principally because it is a food im-
mediately ready for consumption. A further occasionally important item of 
diet consists of different types of legumes. Of vegetables consumed, the more 
common ones, particularly in rural areas, are the pumpkin, sweet potatoes 
(I pomoea batafas), and various greens. The amount of eggs, meat, fish, and 
dairy produce eaten, also sugar, is usually much less than among the white 
population. Briefly and very generally, the diet of these people, according 
to accepted standards, although usually adequate in calories and gross protein, 
is low in animal protein and fat, high in carbohydrate and crude fiber, high in 
certain mineral salts and vitamins, for example, phosphorus, iron, vitamin A, 
and thiamine, but low in others, for instance calcium, riboflavin, and vitamin D. 
This pattern of diet is common; in fact, qualitatively it is the pattern con-
sumed by the greater part of the earth's population. The same pattern of 
diet was common among our forefathers a century or so ago; moreover, the 
adoption of such a regimen frequently is forced upon many countries for limited 
periods by wartime restrictions. 
What are the likely effects of the lifelong consumption of such a diet? What 
are likely to be the biochemical and pathological stigmata of a deficiency, or 
perhaps of an excess, of nutrients? Those who have participated in discussions 
on the examination and revision of recommended allowances will know of the 
heart searching that arises when we ask ourselves: How much do we really 
know about human needs of nutrients? Often one reads phrases such as 
"minimum physiological requirements," "marginal and optimal intakes," 
and "safety margins"; surely such expressions bear witness to the incomplete-
ness of our present knowledge of the subject. Moreover, those of us who 
are white and live alongside a nonwhite population such as the South African 
Bantu must confess to the exasperation we often experience on considering 
whether these people are or are not short of this or that nutrient, particularly 
when, as often occurs, the relevant deficiency stigmata are not apparent. 
I now cite a few examples of nutritional situations and their ramifications 
confronting those of us in South Africa who are interested in the broad picture 
of the diet, in biochemistry, and in the clinical state and pathology of the Bantu. 
The examples to be described, which bear on protein, fat, calcium, iron, niacin, 
and vitamin C, in some instances call for a revision of current thought on diet 
and certain diseases; in others, they indicate a need for the reassessment of 
recommended allowances of nutrients; while other examples touch on phe-
nomena deemed to be abnormal or even pathological, but which nevertheless 
would seem to be the normal response of healthy persons to the pattern of 
diet consumed. 
Protein 
The first point to be emphasized is that, in contrast to many other African 
populations, the diet of the South African Bantu older child and adult is 
characterized neither by deficiency of gross protein nor of specific amino acids. 
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According to recent local dietary surveys, 1-3 the gross protein intake of 
the adult South African Bantu is approximately adequate on the 1 gm./kg. 
basis. Indeed, since the bulk of the energy value of the Bantu diet is derived 
from cereals (roughly 400 to 600 gm. per diem, depending on the region), 
and since significant underweight (perhaps 10 to 15 per cent less than weight/ 
height tables indicate) is not a feature of these people, the gross protein intake, 
in the main, cannot be seriously low. This observation must not be taken to 
imply that all local Bantu adults obtain adequate protein. Obviously, among 
these people, as among any other population group, a proportion ingest in-
sufficient of the nutrient. The fact remains that a low total protein intake 
is not characteristic. 
Concerning the intake of amino acids, if one takes the amino acid needs 
of young American adults reported by Rose4 and assumes that the figures 
are applicable to the Bantu pattern of diet, then simple calculation shows 
that these amounts are contained in about 300 to 350 gm. maize or combination 
of cereals-an amount contained in the diet of most Bantu. Indeed, when 
one considers the total diet of these people, the diet usually contains more than 
the remommended allowances of amino acids suggested by Rose, that is, the 
amounts that were multiplied by two to provide a "safety margin." Pat-
wardhan,5 from an examination of diets consumed in several different countries, 
has also concluded that where the calorie needs of a population are met and 
satisfied largely from cereals, the intakes of the different amino acids are rea-
sonably satisfactory. However, as Patwardhan pointed out, one does not 
know whether amino acid needs are or are not significantly affected by dif-
ferent patterns of diet. The foregoing does not apply to the child, whose diet, 
from weaning until he reaches school age, is very likely, especially at the be-
ginning, to be deficient in protein, among other things. Nevertheless, taking 
into account, first, the level of intake of gross protein of the local Bantu and, 
second, the increasing evidence strongly suggesting that the protein require-
ments of man are less than has been thought previously,6-8 one's impression is 
that the diet of the local adult Bantu is deficient neither in gross protein nor, 
presumably, amino acids. 
I now propose to comment on lactation, because it is believed by many 
to be promoted by or even dependent on a greatly increased protein intake, 
and on liver disease and gynecomastia, both of which are regarded by many 
as expressions of chronic protein malnutrition. 
Lactation 
To promote satisfactory lactation, dietary standard bodies recommend 
increased daily allowances of a number of nutrients, including, inter alia, 
25 gm. protein, of which one half should be of animal origin. The actual diet 
suggested for nursing mothers is well known- so much milk, meat, eggs, 
fruit, vegetables, and other such foods. The point to be emphasized here is 
that Bantu mothers do not get such a diet, yet they lactate very well, pro-
ducing milk of satisfactory quantity and quality, and often for prolonged 
periods. Locally,9 it is believed that there is parity in clinical state and rate 
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of growth between exclusively breast-fed Bantu and white infants up to six 
months; indeed, \\'elbourn,1° also Kark (personal communication), maintain 
that for this period Bantu babies (among whom self-demand feeding is the rule) 
grow perhaps more rapidly than do white babies. Quantitatively (at least for 
the first six months) and qualitatively, therefore, Bantu breast milk must be 
regarded as satisfactory. Chemically, mean values for the main constituents 
in Bantu breast milk compare very favorably with those of white mothers' 
milk.ll , 12 Incidentally, Bantu breast milk has a higher mean protein con-
centration, namely, 1.35 gm. per cent, than the figure of 1.06 gm. per cent given 
by .:\Iacy13 for mothers' milk in the United States and 1.19 gm. per cent given 
by Kon and :i\Iawson14 for the milk of mothers in Great Britain. Concerning 
the amino acid composition of the protein, determinations have been made 
only with regard to methionine and tryptophan; the mean concentrations 
of both have been found by us to be close to those reported for the milk of 
white mothers. 15 
It is only fair to point out that among African populations elsewhere, whose 
diet is lacking in several respects, lactation proceeds less satisfactorily.16 
Nevertheless, it should be emphasized that there are many instances where a 
measure of breast feeding, occasionally to a surprising degree, has been carried 
out despite consumption of a poor diet; as, for example, during World War II, 
at Leningrad during the siege, in starving Holland in 1944, in the Japanese 
Prisoner of War camps, and even at Belsen Concentration Camp in Ger-
many.11 · 12 
In view of this excellent performance by the Bantu mother, how is she her-
self affected? First, in regard to the magnitude of the drain sustained by 
her: during a six-months period she yields about 16 kg. (35 lb.) of total solids. 
Her own body contains about 18 kg. (40 lb.) total solids. On this particular 
basis, therefore, during the period mentioned, she gives almost the equivalent 
of herself in gross nutrients. If she does not eat enough to compensate for 
this drain, she must lose weight, unless the percentage composition of her 
body alters. However, she does not seem to lose weight; indeed, our own 
information suggests that the weight-for-height ratio of such women is pos-
sibly greater than that of white lactating women; in veterinary parlance, 
the successful lactation described is not, therefore, a case of "milking the flesh 
off the cow's back." Therefore, there can be no doubt that, broadly speaking, 
the lactating Bantu mother obtains her gross needs of nutrients. 
But what of disease- eclampsia, for example? Evidence indicates that 
Bantu women suffer less than white from this condition. Hipsley17 considers 
that a broad correlation obtains between crude fiber intake and eclampsia-
the greater the fiber intake, the less the incidence of eclampsia. The Bantu 
diet is certainly high in crude fiber. 
Other comparisons have been made. In Johannesburg, in 1941, Heyns,18 
assisted by Shippel, compared 5059 white women with 1433 Bantu women. 
These investigators reported that the behavior of the Bantu mothers was 
superior in all respects. Of the Bantu mothers, 0.56 per cent required operative 
delivery, as against 5.24 per cent among the white mothers. The maternal 
mortality of the former was lower. The incidence of stillbirth in the Bantu 
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was 3.5 per cent, a figure less than the corresponding figure of 4.2 per cent 
for Scotland19 for the same year. The performance of the Bantu mothers is 
enhanced in view of the finding recorded by Heyns and Shippel that the 
Bantu baby, despite a slightly lower weight at birth has a head as big as 
that of a white baby, yet the pelvic aperture in the Bantu averages about 
10 per cent less in area than that of white mothers. 
To return to the subject of diet and lactation: one cannot help wondering 
whether the "vulnerability" of pregnant and lactating women, particularly the 
former, is perhaps being overstressed. A century ago, among Western popu-
lations, large families were usual. I think that it was the demographer Alfred 
J. Lotka who stated that in the United States, less than a century ago, families 
including about eight children were almost the rule. In Britain, Sir Walter 
Scott was a ninth child, Samuel Taylor Coleridge a tenth, John Wesley a 
fifteenth, and Charles Wesley an eighteenth. Were the nutritional disabilities 
attached to repeated childbearing and lactation so manifest, relevant informa-
tion would surely have appeared in contemporary literature or been handed 
down to us. Admittedly there is much more that one would like to know about 
the nutrition, biochemistry, physiology, and other aspects of the long-lactating 
Bantu woman. On the other hand, in spite of this lack of knowledge, two 
inferences would seem unchallengeable: (1) provided there is a sufficiency of 
primarily cereal calories, excellent lactation is feasible for prolonged periods; 
and (2) the failure of the huge proportion of white mothers to lactate satis-
factorily can scarcely be ascribed to an inadequate diet. In other words, the 
role of dietary, as against nondietary factors in human lactation, is overem-
phasized. 
Liver Dysfunction and Disease 
In the tropics and semitropics, liver dysfunction and disease are very com-
mon among the indigenous populations, and such conditions often are attrib-
uted, directly or indirectly, to a low protein intake, or to single or multiple 
deficiencies of amino acids.20 • 21 One looks askance at this widely accepted 
etiology because liver disease is common among the Bantu, yet, as stated 
previously, their diet is characterized neither bya low protein intake nor specific 
amino acid deficiencies. 
Liver dysfunction, insofar as it is reflected by the distribution of the plasma 
protein fractions and the various precipitation tests on serum, is common 
in the South African Bantu, being present in more than two thirds of adults 
examined. Apparently the condition is not improved by the consumption 
of an adequate diet for protracted periods.22 Such dysfunction is not accom-
panied by specific pathology. Concerning liver disease, in a paper by Hig-
ginson, Grobbelaar, and myself23 three types of lesions are described: (1) 
the fatty liver of kwashiorkor, rarely followed by fibrosis and necrosis; (2) 
a fine symptomless portal fibrosis, most frequently seen in the second half 
of life and usually associated with heavy hemosiderin deposition; and (3) 
a severe cirrhosis, most frequently of postnecrotic origin and showing no specific 
age trend. More than half of the livers in this third group develop primary 
malignant change. Briefly, the view is taken that in infancy liver damage is 
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widespread and that, although this damage is not usually recognizable histolog-
ically, it is demonstrable by biochemical tests and is undoubtedly caused 
primarily by malnutrition. Such damage is believed to predispose the liver to 
the action of factors that precipitate liver disease in adult life. For the local 
Bantu, it seems probable that such factors include abnormal iron deposition 
(siderosis), hepatotoxic viruses and, possibly, toxic drugs. There appears 
to be no adequate evidence that the nutritional factors that so readily induce 
hepatic damage in small animals (diets, inter alia, low in protein) are re-
sponsible for the liver lesions noted in Bantu older children and adults 
Gynecomastia 
This abnormality, enlargement of the male breast, like liver disease, is 
believed or suspected by many to be an expression, directly or indirectly, of 
chronic protein malnutrition.21 • 24 • 26 Certainly, gynecomastia is common 
among the Bantu of Southern Africa but, for the reason previously cited, one 
is not happy over the suggested etiology. 
In Johannesburg, at Baragwanath Non-European Hospital (1500 beds), 
Higginson and Simpson are investigating the incidence of the condition in a 
series of consecutive post-mortems. Thus far, among 200 adults, they have 
found a discrete mass exceeding 2 cm. depth in 2 per cent of subjects. 
At the Witwatersrand Native Labour Association Hospital, also in Johan-
nesburg, about 1000 young Bantu workers (18 to 40 years) from various 
regions in Central and Southern Africa pass through weekly for medical exami-
nation prior to service on the Gold Mines. The incidence of slight or moderate 
gynecomastia among them is not known, but observations indicate that an 
average of about one subject per week (0.1 per cent) is known to suffer from 
very marked gynecomastia, that is, having breasts of about 10 to 15 cm. 
diameter. Such breasts are indistinguishable in appearance and texture 
from those of young nulliparous women. Since gynecomastia of this type 
and severity does not appear to have been previously reported, our findings 
will be described in some detail. 
Twenty-one subJects have now been studied by my colleagues and myself. 
All subjects appeared in good nutritional condition: no evidence of previous 
dietary privation could be elicited. There was no bias regarding region of 
origin; that is, gynecomastia did not appear to occur preferentially in subjects 
from countries in Central Africa, where the nutritional situation is less favorable 
than in South Africa. Evidence indicated that the gynecomastia developed 
usually at the time of or within a few years after puberty. Some subjects 
had been affected for as long as ten years. The enlargement was usually 
bilateral, nontender, and there was no exudate. These features are in contrast 
to those observed in the gynecomastia reported to occur occasionally during 
recovery from malnutrition and undernutrition, for example, among United 
States servicemen rehabilitated from Japanese P. 0. W. camps. Among such 
affected persons, Klatskin and his co-workers26 found the mass to be small 
(1 to 2 cm. diameter) and tender, and sometimes it was possible to express 
fluid. Two features have been noted about a proportion of the Bantu sub-
jects thus far examined which, provided one is able to establish them satis-
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factorily, would seem of considerable importance. First, about a third of 
the subjects maintained that the condition was present in their fathers and 
occasionally in their brothers, thus introducing a possible familial factor into 
the etiology. Second, almost all subjects asserted that they were not apathetic 
regarding their sexual desires, and about a third maintained that they were 
fathers of children. According to current concepts in endocrinology, such 
behavior would not be expected. Those who have carried out investigational 
work among nonwhite people will appreciate the difficulties attached to vali-
dating these two findings, particularly the second. 
Regarding other features, the hair in axillae and pubes appeared masculine 
in distribution. Apart from the enlarged breasts, the body configuration 
was likewise masculine in character. In three quarters of the cases, the span 
exceeded the height by 4 to 8 cm. In all cases except one the genitals appeared 
normal. The exception had undescended testes. In all subjects, including 
the last, the voice had broken. About a third had slight enlargement of the 
liver; but this feature is not believed to have etiological significance, bearing 
in mind the equal incidence of hepatomegaly in Africans without gynecomastia. 
According to the study of Higginson and Simpson already referred to, no 
correlation is apparent between the presence of gynecomastia and of liver 
disease (fibrosis, cirrhosis, carcinoma). Furthermore, it may be of interest 
to add that Higginson and Oettle27 have found carcinoma of the male breast 
to be less common among Bantu males than among white males. 
Turning now to the biochemical side: briefly, data on serum protein fractions 
and the various precipitation tests reveal no greater abnormality in subjects 
affected with gynecomastia than in subjects without the disease. Incidentally, 
no evidence of liver impairment was found by Klatskin and his co-workers26 
on United States prisoners of war with gynecomastia. A small number of 
tests for ketosteroids, hydroxysteroids, and ketogenic steroids have shown 
values lying within normal limits. A limited number of determinations of 
total urinary estrogens and of component fractions, estradiol, estriol, and 
estrone, have been made locally by Bloomberg, Higginson, and Keeley (private 
communication). Thus far, the endocrine picture emerging is nonspecific, 
that is, the picture in gynecomastia subjects does not differ substantially from 
that in nongynecomastia subjects. Biochemically, therefore, nothing specific 
has come to light at least insofar as present studies have revealed. 
Regarding the etiology, it will be clear already that the type of gynecomastia 
seen in the Bantu of Southern Africa, as an entity differs in several respects 
from the gynecomastia sometimes noted during rehabilitation from mal-
nutrition and undernutrition. The common view that gynecomastia in the 
African is an expression of habitual protein malnutrition cannot be accepted 
as established, at least insofar as the local Bantu are concerned. Likewise 
the view that hepatic disease in these people impairs the normal inactivation of 
hormones produced by the adrenals and gonads still remains a suggestion. 
This scepticism does not imply, of course, that the liver is not involved: it 
merely questions the modus operandi suggested. One prefers to consider that 
injury to the liver and, possibly, to other organs sustained by African infants 
at weaning time and thereafter may provide a substrate suitable for the 
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development of gynecomastia in later life, such development not being pre-
vented by adequacy of habitual protein intake. The nature of the precipitat-
ing factors is not known, although B. J. P. Becker, here at the Institute, has 
suggested that the estrogenic and other properties of the numerous herbal 
and other pharmacological preparations used by these people merit serious in-
vestigation. 
ll must be re-emphasized that, in making these and previous comments, 
adults and perhaps older children are in mind, and not the very young. Indeed, 
it will be appreciated that if only there were a more satisfactory food intake 
at weaning time and immediately thereafter, there might well be a lower 
incidence of liver disease and of other diseases later in life. However, the mere 
provision of milk or milk-substitute foods at weaning time will be insufficient; 
what will also be required is education in preparing these foods for consump-
tion. In Johannesburg we have found that even when nourishing infant foo:ls 
are purchased, they are almost invariably made up in far too dilute a form 
by Bantu mothers.28 
Fat 
The fat intake of the South African Bantu is low; a rough average of about 
40 gm. per diem is consumed, providing about 15 per cent of the total cal-
ories.1·3 l\Iore than half of the fat is "hidden," being contained in the 
lightly milled maize products, also in legumes. I refer to three aspects of 
the fat metabolism picture of these people: (1) the low serum cholesterol 
levels and the low incidence of severe atherosclerosis; (2) the elevated serum 
cholesterol levels that are a feature of obese Bantu women; and (3) the high 
excretion of fecal fat on the "high residue" diet of these people. 
Low fat intake, serum cholesterol concentration, and atherosclerosis. No 
significant difference has been found in mean cholesterc,l levels of newborn 
Bantu and white infants.29 In later life, however, serum cholesterol levels 
of the Bantu are lower, and the age trend of increase slight in comparison to 
corresponding data on white subjects.3° Collaborative current studies show 
that beta lipoprotein cholesterol concentrations are low, as are also the ul-
tracentrifuge flotation values. Investigation has revealed that severe ath-
erosclerosis in the aorta and in coronary vessels is rare, and that the death 
rate from coronary heart disease among adult Bantu hospital populations 
in Johannesburg is about a tenth of that in corresponding United States and 
Danish hospital populations.31 A comprehensive study of the chemical 
composition of total aorta from Bantu and white subjects, in age groups from 
20 to 80+ years, has confirmed the far lesser degree of quantitative ather-
omatous change in the Bantu.32 The difference in death rates from coronary 
heart disease in the two racial groups is much greater than the difference 
in extent of atheroma. In other words, some Bantu do get moderately severe 
atherosclerosis, yet such lesions, for reasons not yet clear, very seldom lead to 
occlusion. Incidentally, evidence suggests that among the local Bantu 
there is no sex bias either of vascular lesions or of death rates from coronary 
heart disease.33 
It has been pointed out elsewhere34 • 35 that the low fat intake of the Bantu 
. 
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is but one characteristic of their diet, just as a low incidence of the more 
serious complications of severe atherosclerosis is but one feature of their 
disease .pattern. It would therefore seem unwise to draw categorical con-
clusions as to the extent of the relationship involved: it is better at present 
simply to recognize that the Bantu, living on a diet that is, inter alia, low in 
fat, very seldom die from coronary disease. 
However, I now mention a nondietary factor (this, I am afraid, is not a 
biochemical matter) of possible etiological importance. In a recent paper 
Mann, Nichol, and Stare,36 in commenting on the low values found for beta 
lipoprotein and cholesterol levels in the sera of Nigerians, suggest that a large 
muscle mass or a large muscle expenditure may well be the effective agent, 
and that this, and not the diet, is the important element in preventing hy-
perlipemia and perhaps atherosclerosis. In the South African Bantu, the 
existence of a large muscle mass-large, that is, as compared with that in the 
white population-would seem questionable both from anthropometrical 
and from post-mortem observations. A large muscle expenditure among 
these people, with the possible exception of Bantu mine workers and a few 
other groups, is hardly in accord with everyday observations. Obviously, 
this statement does not mean that these people are lazy, but rather that 
excessive activity is not characteristic of the Bantu, who, in the past, were 
primarily a pastoral population. However, there is one feature that might 
be relevant to the conception of Mann and his colleagues, and that concerns 
the inexplicably high degree of motor fitness. Thus, using the Harvard step 
test on groups of somewhat poorly nourished Bantu school children, le Riche 
et al.37 found that SO per cent were in excellent or superior physical condition, 
in contrast to about 5 per cent of 600 children in a private school in the United 
States similarly rated, as quoted by le Riche et al. Similar observations, 
including other additional tests, have been reported by Morrison et al.38 on 
Bantu mine workers. More recently, Kloppers and his co-workers, in an 
unpublished study, compared adult Bantu with corresponding white long-
term prisoners on step test performance and found the Bantu to be virtually 
inexhaustible. A further study of great interest in this regard is that of 
Gopalan and Ramanathan.388 These workers compared fat intake, serum 
cholesterol levels, exercise, and incidence of coronary heart disease among 
groups of Indian adults, namely, officers and other ranks of the Indian De-
fence Force. The fat intake, about 90 to 120 mg. per diem, of the officers was 
composed of hydrogenated vegetable fat and animal fat (2: 1); of the other 
ranks, chiefly sesame oil (40 per cent linoleic acid). In the former group, 
cholesterol levels rose from 154 mg. per cent (20 to 29 years) to 201 mg. per 
cent (40 to 49 years); in the other ranks there was no rise, the mean value 
being about 145 mg. per cent. The latter group, in contrast to the former, 
was accustomed to habitual strenuous physical exertion. The incidence of 
coronary artery disease among the officer class was 23 times that among the 
other ranks. It might be added that the level of physical fitness of United 
States recruits in World War II was very disappointing.39 There can be little 
doubt that activity and physical fitness are implicated in the etiology of the 
disease under discussion, although to what extent the feature described has a 
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bearing on the relative freedom of the Bantu and other similar populations 
from atherosclerosis awaits investigation. 
Elevated serum cholesterol concentrations in obese Bantu women. As already 
stated, the diet of the Bantu seldom is deficient in energy value, cases of severe 
undernutrition being very rarely encountered. In this section, the point of 
interest that I wish to emphasize is that, whereas obesity is almost nonexistent 
in Bantu males, it is very common in Bantu young women, who, moreover, 
have significantly elevated serum cholesterol values; the causes of both are 
unknown. Thus, among 50 nonpregnant, nonlactating Bantu women, 20 to 
30 years old, all 20 per cent or more overweight when judged by Western 
tables, the mean serum cholesterol value was 224 mg. per cent. This value 
is much higher than the figure of 175 mg. per cent found for a like number of 
nonpregnant, nonlactating, nonobese Bantu women of the same age group. 
The foregoing would seem to be an accentuated example of the tendency to 
obesity and slightly raised serum cholesterol values noted by Keys et al.40 
among the women of the poorer groups investigated in Madrid, Spain. In 
the case of the Bantu obese women, according to unpublished observations 
by Higginson, post-mortem examination of the blood vessels does not reveal 
atheromatous lesions any greater in frequency or extent than those present 
in nonobese Bantu women. Here, then, is a problem of interest, a portion of 
Bantu women who develop obesity and significantly elevated serum cholesterol 
levels; the latter feature, however, is not indicative of increased atheroscle-
rosis. 
High excretions of fecal fat on a "high residue" diet. According to observa-
tions on Bantu and white subjects I made some time ago, on a diet containing 
a modicum of white bread the amount of dry feces accruing per diem is about 
20 to 25 gm. When brown bread is substituted for white, the figure rises to 
about 30 to 35 gm. When the amount of brown bread eaten is increased to 
about 1 lb. per diem, the yield of dry feces increases to about 40 to 50 gm. 
With a higher consumption of coarse cereal products, such as quite commonly 
occurs with Bantu, at least in rural areas, the figure occasionally exceeds 100 
gm. dry feces per diem. Enormous stools of this type were also noted by 
McCance and Widdowson41 in their Experimental Study of Rationing, when 
their brown bread consumption was about 3 lb. per diem, and were also reported 
in later studies by these workers when using other high cereal diets.42 • 43 Ac-
companying this huge increase in stool weight, the time of passage of material 
through the digestive tract may be reduced to a third of that obtaining on a 
white bread dietary. Taken together, the changes described, seemingly 
inherent in altering a diet from one of a "low" to one of very "high residue," 
may entail as much as a fifteenfold increase in rapidity per unit volume of 
fecal material traversing the bowel. The relevant changes in intestinal micro-
flora, in biochemistry and metabolism, and various other ramifications appear 
to have evoked very little interest in this particular field of nutritional science. 
The special feature to which I draw attention is the excessively high excretion 
of fecal fat voided under these circumstances. In certain studies of McCance 
and his co-workers42 • 43 involving the feeding of very high cereal diets to humans, 
the amounts of fat voided reached 22 gm. per diem, giving an apparent ab-
' 
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sorption of 54 per cent on the high wheat diet, and 68 per cent on the high 
oats diet. In two Bantu prisoners whom I observed for 21 days and who 
were ingesting about 26 gm. fat, the fecal fat voided was found to average 
about 13 gm. per diem, giving an apparent absorption figure of 50 per cent.
44 
In the everyday diet of white populations, a percentage fat absorption figure 
less than 90 per cent usually is regarded as pathological. Yet the phenomenon 
described cannot be regarded as of pathological significance, for the extraor-
dinary high excretions of fecal fat are surely the normal response evoked 
in normal people by the consumption of a diet very high in whole grain or 
lightly milled cereal products. McCance et al.
41 - 43 incline to the view that 
much of such fecal fat is composed of undigested fat. Elsewhere,
45 I have 
suggested that most of such fecal fat is of endogenous origin. I believe that 
the phenomenon parallels the considerably increased amount of fecal nitrogen 
voided on " high residue" diets, such nitrogen, as McCance et al.
42 • 43 • 
46 main-
tain, being mainly, if not entirely, of metabolic origin and not merely un-
digested protein nitrogen. · Urbanized Bantu, substituting much maize by 
white bread, do not void such large amounts of fecal fat. The precise bearing 
of habitually large amounts of fat in the stools on the total body lipid picture 
is not known. Nor is it known whether the phenomenon described has any 
bearing on the tardy development of atherosclerosis in these people. 
Calcium 
It is widely believed that calcium absorption and bone calcification in man 
are controlled by the available radiation, by the amounts of vitamin D, calcium, 
and phytate phosphorus ingested, and by the calcium-phosphorus ratio. 
As already indicated, the high cereal diet of the Bantu is low in ingested vitamin 
D; with many local population groups the intake is virtually nil. The diet 
is also low in calcium- the average intake being about 250 to 400 mg. per 
diem- and has a very adverse calcium-phosphorus ratio. It is certainly 
high in phytate phosphorus, the intake varying (dependent on the extraction 
rate of the cereal) but ranging roughly from 1000 to 1500 mg. per diem. 
Therefore, according to current views the diet of these people, is poor in calcify-
ing capacity. Certainly, there is plenty of sunlight, an average of 8 hours 
per diem in the Transvaal; but some authorities, such as Hess,
47 consider that a 
pigmented skin prejudices the production of vitamin D from radiation. 
With this background, one would surely expect the stigmata of calcium de-
ficiency to be apparent among these people. In fact, in no respect do the 
South African Bantu appear to be suffering specifically on account of their 
usual low intake of calcium. 
The skeleton contains 99.5 per cent of the total body calcium. In my 
laboratory, studies on fifth ribs from Bantu and white subjects have revealed 
no significant difference between mean percentage composition values for 
infants and for adults.48 Determinations of bone density of vertebral bodies 
(mineral matter per unit volume) have revealed, as with bone composition, 
a wider range of values than is usually thought to exist, but no significant 
difference between mean data for both races.4
9 Furthermore, samples of 
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diamine, when observed under the dissecting microscope with regard to mesh, 
regularity, and trabeculae, showed slight, although not invariable differences 
between bodies from both races. No bone examined could be regarded as 
atrophic, and all observations were in harmony with respective mineral density 
data. 
Osteoporosis is not a feature of South African Bantu children or adults. 
Concerning fractures, medical officers at hospitals attached to the Gold 
Mines (which employ about one third of one million short-term Bantu laborers) 
aver that the Bantu are not more liable to fracture their limbs than are white 
men under the same stress. These observers also maintain that, accompany-
ing the more rapid callus formation in these people, a Bantu with a fractured 
leg, when it is healed, can stand on it much earlier than a white person with 
the same type of injury. These beliefs are only impressions, of course, but 
they do suggest that the Bantu skeleton, even if it contains, on a height basis, 
less total calcium compared to that of the white man, is not more vulnerable 
to physical stress oi trauma. · 
Regarding clinical rickets, this disease is common in crowded urban areas 
in South Africa, just as it is under corresponding conditions at Ibadan in 
Nigeria, 6° Calcutta and Bombay in lndia, 61 and elsewhere. But the disease 
is often observed in breast-fed babies ingesting adequate calcium. Moreover, 
once the urban Bantu child has freedom of movement and need not be kept 
largely indoors (that is, after about two years of age), rickets is not seen- at a 
time when the calcium intake of the child is at its lowest throughout life.52 In 
rural areas, however, where much less clothing is worn and where there is no 
overcrowding, obvious clinical rickets is seldom seen, although the character 
of the diet, at least in regard to ingested calcium and vitamin D, is much the 
same in both urban and rural areas. 53 This rarity of severe rickets observed 
when advantage is taken of available radiation is in agreement with reports 
from other observers in rural areas; indeed, certain pediatricians of repute 
almost deny having seen a case of obvious rickets in rural areas in the tropics 
and semitropics.54 • 65 No case of osteomalacia has been reported in a Bantu 
woman, pregnant or nonpregnant. 
Generally speaking, the teeth of the Bantu, particularly the rural Bantu, 
are good. In one recent study carried out on children, about 90 per cent were 
found virtually free from caries; the reverse ratio is believed to obtain with 
local white children. 66 On the other hand, urbanization, with attendant 
changes in food habits (increased consumption of such foods as white bread 
and sugar) shows a deteriorating situation, thereby conforming to a pattern 
of experience common throughout the world. 
Reasons have been given elsewhere for considering that the relationship 
between calcium intake and the rate of attainment of height or of ultimate 
height at maturity, is not proved. 67 In any case, studies by Kark and le 
Riche6B indicate that the heights of Bantu children compare favorably with 
those of prewar Central School children of the same age group in Great Britain. 
Moreover, Bantu mine workers, on an average, are only an inch or so shorter 
than were British and American recruits in World War 11.67 
Serum calcium values, 69 speaking generally, are about 10 per cent less in 
i 
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the Bantu than in white population groups. Examination of the information 
on this subject suggests that such values merely reflect a low habitual intake 
of the element, and are not indicative of low calcium stores. 
Perhaps the key to the picture is afforded by the results of calcium balance 
observations carried out on Bantu prisoners consuming their high cereal, 
low calcium diet. I found percentage absorptions (apparent absorptions) 
to be higher and urinary excretions of calcium lower, than among white people 
on a much higher calcium intake. The combination of these two processes 
permits calcium equilibrium to be attained despite the low calcium intakes 
ingested. Other comparable studies demonstrating satisfactory adaptation 
to low calcium intakes have been enumerated and discussed by )Iitchell. 60 
In addition, there is the more recent study of Hegsted et al.61 
The question of the "vulnerable" pregnant and lactating woman comes to 
the fore again. Prior to conception, body calcium of women may be regarded 
as approximating, roughly, 800 to 900 gm. The calcium content of the new-
born infant is about 25 to 30 gm. The loss of calcium sustained by the mother 
when lactating for 6 months is about 35 to 40 gm., making a total loss of 
calcium of about 60 to 70 gm., that is, about 7 to 8 per cent of calcium reserves. 
The actual percentage loss, of course, is much smaller, bearing in mind that 
throughout the pregnancy and lactation period the mother is certainly absorb-
ing some calcium from her diet. Now, a lactating cow can lose as much as 
20 per cent of its total supply of calcium without giving rise to deleterious 
effects or without seriously interfering with milk production. 62 Therefore, 
on the basis of the information given, the loss of calcium sustained in preg-
nancy and thereafter cannot be regarded as of serious importance. The 
additional allowances of calcium usually recommended during pregnancy and 
lactation perhaps can be regarded as an insurance policy, although the precise 
risks involved are not altogether clear. 
These data strongly indicate that the South African Bantu do not suffer 
specifically on account of their low calcium intake. Furthermore, the informa-
tion given, by implication casts doubt on the importance still attached to the 
alleged deleterious effects of phytate-phosphorus and adverse calcium-phos-
phorus ratio in human nutrition. The clinical and pathological importance 
of both these factors, particularly the former, is open to considerable doubt. 63 
It may well be argued: it is conceded that what has been suggested may be 
valid for tropical and semitropical populations, but what of populations less 
favored by radiation? With regard to rickets, this argument may be met by 
citing the studies of Findley and Ferguson64 on children in Glasgow, Scotland, 
and of Rustung65 on children in Norway, where the chief controlling factor 
was found to be, not the diet consumed, but the regularity with which the 
child was taken outdoors. Reasons for doubting whether a low calcium intake 
has any serious relevance to the development of rickets in humans have al-
ready been expressed. 66 
Signs of a more realistic approach to the whole subject of calcium require-
ments and calcium deficiency stigmata are given by McLester and Darby,67 
also Goldsmith, 68 who refer to the lack of methods that permit detection of 
potential degrees of calcium deficiency: an observation difficult to harmonize 
1 
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with the view often expressed in the past that calcium lack is a widely prev-
alent condition in the United States. More recently, Hegsted et al. 61 boldly 
averred that calcium deficiency does not occur in adult men. I go still further 
and raise the question: What is the evidence for any syndrome in man shown 
to arise specifically from calcium deficiency? Conversely, what syndrome 
in man has been shown to be remedied by calcium supplementation only? 
Surely, to recommend luxus allowances of a dietary constituent to protect 
against unspecified stigmata is a highly questionable procedure. 
Iron 
The Bantu of South Africa are characterized by an extremely high iron 
intake, often ten times or more the allowances of iron usually recommended. 
A population whose major source of calories is lightly milled cereal products 
normally ingests iron in excess of the recommended allowances. In published 
surveys on the local Bantu, calculated mean daily intakes range from 18 to 
37 mg.1•3 These people, however, derive additional amounts of iron from 
two extraneous sources: (1) dust and other such substances, and (2) iron 
derived from the utensils in which they prepare their food. The contribution 
from the first of these sources is highly variable, depending on the degree of 
care exercised in food storage, but it may reach one third of the calculated 
intake. The amount of adventitious iron derived from the second source 
is far more considerable, the principle of the phenomenon itself having been 
referred to in papers published by various overseas workers.69 The chief 
utensil used by the Bantu is the heavy iron tripod "kaffir pot" (3-1. capacity, 
weight 4.5 kg.; 10-1., 13 kg.). Such vessels are to be found in almost every 
kraal in Southern Africa, over one million being sold annually. Iron kerosene 
cans (18 I., 4 gal.) are also used, especially in urban areas. Moreover, in large-
scale cooking for Bantu workers (by industrial undertakings, for example), 
large iron vessels (100-1. capacity) are also employed. In the cooking of 
whole maize, maize and "kaffir corn" porridges, beans, vegetables, stew and 
greens, experimental observations, also determinations in such foodstuffs 
cooked by the Bantu themselves, reveal an uptake of iron as great as that 
contained in the parent foodstuffs.70 Traditional foods of the Bantu, as noted 
earlier in this paper, include fermented cereal preparations. These food-
stuffs, of pH 2 to 3, naturally take up much iron (as much as 10 times that in 
the raw food) from the preparation vessels. Briefly, our determinations have 
shown that the iron intake of the South African Bantu often exceeds 100 mg. 
per diem and, occasionally, reaches and even exceeds 200 mg. per diem.70 It 
cannot be too strongly emphasized that it is iron vessels plus the particular 
diet of the Bantu that permit the ingestion of this excessively high iron intake; 
iron pots used in the dietary context of most Western populations will not 
give rise to a very high iron intake. Most of the adventitious iron is inorganic 
in character, and therefore readily available for absorption. What is the effect 
of such high iron intakes, which approximate the involuntary ingestion of 
several Blaud's pills daily? 
Nearly two generations ago German workers such as Queckenstadt71 had 
the impression that, with iron intakes much greater than those present in 
..• _ 
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everyday diets, excessive iron was retained, even by subjects not in need of 
iron. This impression received substantial confirmation from iron balance 
experiments carried out many years later and, despite the sources of error 
latent in such studies, they show unequivocally that an abnormally high iron 
intake is almost invariably accompanied by excessive absorption.72•76 Less 
than 10 years ago, Dubach et al.77 studied the absorption of radioiron by 10 
normal subjects, total iron intakes being maintained at about 60 to 70 mg. 
per diem. The data given suggest that 9 of the 10 subjects absorbed a por-
tion of iron that was not utilized in hemoglobin formation, this portion averag-
ing 7 per cent of the iron intake. Unrequired iron was therefore "packed" 
into the body at the level of iron intake used. Now the only serious avenue 
of iron loss from the body is by hemorrhage. Briefly then, with iron intakes 
habitually high, as with the Bantu of Southern Africa, it would seem inevitable 
that occasional abnormal absorption and retention results, with intermittent 
deposition and slow accumulation or "overload" of the element occurring m 
the body. 
Abnormal uon deposition or siderosis, is certainly widespread in 
the Bantu.78 •80 In Johannesburg, about two thirds of adults over 40 years 
examined at necropsy are affected; in Durban, according to Wainwright,81 the 
figure is higher. The deposition in spleen, liver, and vertebral body marrow 
can and often does reach several grams per cent. The extent of the siderosis 
does not appear to be related to the cause of death, the condition appearing 
to be equally common in persons dying in hospital or from trauma.80 In 
distribution, the spleen is most affected, then the liver; smaller concentrations 
are found in the kidney, but only traces in the pancreas, thyroid, heart, and 
blood vessels (aorta) . The distribution thus differs very markedly from that 
in idiopathic hemochromatosis, particularly in relation to the pancreas, which, 
in hemochromatosis, is the organ suffering the greatest increase in iron con-
centration, that is, a mean of 100 times more than normal.82 Furthermore, 
diabetes is very uncommon in Bantu siderosis (this is not the case in hemo-
chromatosis) and, although cirrhosis is present in one quarter of severely 
siderotic livers, the association is far from being invariable.79 ,so 
As would be expected, the high iron intake and the siderosis influence certain 
blood values. There is now a good deal of data, some published,83 • saa. 84 more 
unpublished, indicating that iron deficiency anemia among these people is 
less common than among any other nonwhite population upon which data 
have been reported. This relationship is understandable, since Rath and 
Finch85 have shown that body iro~ excess cannot co-exist with iron deficiency 
anemia. In this respect, Higginson,86 at Baragwanath Non-European Hospital, 
Johannesburg, in a series of 1500 post-mortems and 500 liver biopsies extend-
ing over the last 7 years, has noted only one instance in which siderosis was 
present in a patient suffering from hypochromic anemia, but whose response 
to iron unfortunately was not known. Information obtained from this hospi-
tal, also from the chief non-European hospital in Durban, both relating to 
studies still in progress, indicates that incidences of primary iron deficiency 
anemia in Bantu adults are less than 0.2 per cent of admissions. This very 
low incidence stands out in startling contrast to a recent study on hospital 
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patients reported from India, 87 in which 63 per cent had a hemoglobin level 
of less than 6 gm. per cent, and 92 per cent a MCHC less than 32 per cent. 
Indeed, iron deficiency anemia would seem to be less common in hpspitalized 
Bantu men and women than in numerous nonhospitalized groups of white 
subjects; for example, in a recent study on 4421 British Royal Air Force 
recruits,88 anemia, chiefly of the iron deficiency type (93 per cent), was present 
in 1.2 per cent of subjects (criteria, Hb. < 12 gm. per cent, MCHC < 30). 
Concerning the effect on another component, namely on serum iron, values 
are frequently elevated in both hospital and nonhospitalized Bantu populations, 
values occasionally exceeding those reported in hemochromatosis and trans-
fusional siderosis.83 There are, however, a number of anomalies in the serum 
iron picture of these people that require elucidation. In one collaborative 
study,86 serum iron has been determined in adult subjects who have had liver 
biopsy undertaken for diagnostic purposes; we have found that excessive 
hemosiderin, when present in the biopsy sample, was associated with elevated 
serum iron. The actual level of the latter, however, did not correlate satis-
factorily with the intensity of the siderosis. Further work on this problem is 
proceeding. 
The primary cause of the siderosis, one has no doubt, is the habitually high 
iron intake. The incidence, age and sex affected, the morbid anatomical 
distribution of the element, and other characteristics are such as might be 
predicted to arise from habitual iron "overload." Obviously, the abnormal 
deposition in individuals is highly variable. Not only are there well-known 
individual differences in biological response, but differences obtain in regard 
to food preparation, dietary habits, and consumption levels; there are also 
such factors as blood destruction in malaria and slight hematuria in bilharziasis. 
Whether the particular pattern of the Bantu diet or malnutrition or under-
nutrition play any significant role is not yet known. 
Finally, concerning the pathogenicity of siderosis, in experimentally induced 
siderosis in animals the production of pathological sequelae would seem to 
be almost uniformly negative (data summarized by Higginson et al.80 ). At the 
beginning of the century, authoritative physicians, such as Osler89 were em-
phatic that the fact that prolonged iron therapy (extending sometimes for 
years) was not attended by ill effects. While that may well be valid for white 
populations, it would seem unjustifiable to assume that the siderosis in the 
Bantu likewise is innocuous. A liver damaged at weaning time conceivably 
is more sensitive to insults than one not similarly injured. Earlier in this 
paper, attention was drawn to the age trend correlation of siderosis and peri-
portal fibrosis in Bantu adults. The extent of the information available on 
this association does not permit one to dogmatize, but whereas formerly one 
did not regard siderosis per se as pathological, now one is less sure, and much 
further work will be required to determine whether siderosis does or does not 
promote hepatic disease. 
Niacin 
Goldsmith and his co-workers90 prepared wheat and maize (corn) diets 
containing equal, although relatively small, amounts of niacin and tryptophan, 
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4.7 and 190 mg. per diem, respectively; when fed to humans, only the maize 
diets produced pellagra. Among the South African Bantu, we have encoun-
tered another type of abnormality imposed by a predominantly maize diet, 
whereby Bantu mothers on a high maize diet have a mean breast milk niacin 
concentration (70/ u gm. per cent), about half that of Bantu mothers on a 
Europeanized diet (150/ u gm.), both diets having an approximately equal 
niacin content.91 Whether the abnormality is due to the fact that a large 
proportion of the ingested niacin is "bound," or to supression of intestinal 
biosynthesis of the vitamin, or to other causes, is not known. As far as we 
are aware, there are no stigmata attached to this diminished intake of niacin 
by Bantu babies; in any case, the usual two thirds cow's-milk mixtures, which 
have been used successfully for many generations by white populations, con-
tain less niacin than that found in the breast milk of Bantu mothers. A 
further point of interest is that, although Bantu mothers on a diet high in 
maize ingested only about half the amount of tryptophan present in the diet 
of Bantu mothers consuming a Europeanized diet, no significant difference 
was found in the mean tryptophan concentrations in the breast milk from 
both Bantu groups. 
Vitamin C 
Early pioneer work on vitamin C requirements was undertaken in Johannes-
burg by Fox,92 who drew attention to the very small amounts of the vitamin 
that could prevent scurvy in Bantu mine workers. Fox's observations re-
ceived confirmation from later comprehensive studies undertaken on white 
subjects.93 • 94 That scurvy certainly does occur among Bantu adults was 
adequately reported by Fox,92 and two recent South African studies
95 • 96 have 
added to our information on the subject. But the remarkable finding to which 
one desires to call attention is the extreme rarity of infantile scurvy in Bantu 
infants (4 cases in Johannesburg non-European hospitals in 5 years) weaned 
onto cereal "paps," despite the fact that the amount of the vitamin ingested 
often is virtually nil. The inexplicable fact is that we have nevertheless 
found usually satisfactory levels of vitamin C in the plasma of such subjects;
97 
moreover, other local workers, for example Smit and Pretorius at Pretoria 
(personal communication) have noted appreciable amounts in the plasma of 
infants suffering from kwashiorkor. One is confident tha t large numbers of 
local Bantu infants receive less than one milligram of the vitamin per diem , 
yet their plasma levels are consistent with an ingestion of several milligrams 
per diem. It has accordingly been postulated that under the special condi-
tions of "pap" intake by these Bantu babies, the possibility that there is an 
endogenous production of vitamin C cannot be excluded. Clearly the phenom-
enon occurs only in specific dietary contexts; Singh,98 for example, has reported 
the occurrence of severe scurvy in Indian infants fed heated cow's milk. 
Comment 
Perhaps 1 should apologize for the fact that much of the information I have 
given refers to aspects other than those of diet and biochemistry as stated in 
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the title of this paper. However, if I had done otherwise, some of the lessons 
that I am hoping will be learned would have had reduced force. 
It will be apparent that one of the main points before me is to emphasi:1:e the 
caution required before considering whether a diet is deficient in certain re-
spects simply because habitual intakes are much lower than the usual allow-
ances recommended. Absence, or at least the apparent absence, of relevant 
clinical and pathological stigmata in people accustomed to "deficient" in-
takes cannot but point to the strong probability that the particular recom-
mended intakes are loo high. Calcium would seem to be an outstanding 
example in this field. But the situation regarding animal protein calls for 
re-examination, as do the needs of pregnancy and lactation. 
A further lesson lo be learned concerns the biochemical picture (in blood, 
stools, urine, and breast milk) when it differs in Bantu and white subjects. 
The lesson, which local workers have thrust upon them, likewise concerns 
the caution needed before considering that this or that "abnormality" in the 
Bantu is pathological, when often the "abnormality" is the normal response in 
healthy persons elicited by the type of diet consumed. Lack of care in this 
respect would lead one to regard the enviably low blood lipid levels of these 
people as pathological, whereas precisely the reverse would seem to be the 
case. 
Perhaps the greatest need in this whole subject is to elucidate the extent of 
the relationship between pattern of diet consumed, of metabolism imposed, 
and of pathology accruing. In the South African Bantu, the context permits, 
among other things, of a high rate of mortality and morbidity in the very 
young, and of a high incidence of liver pathology in later life. On the other 
hand, however, the context permits, inter alia, of a low incidence of certain 
diseases that, when taken together, exact a high toll of mortality and mor-
bidity from Western populations, notably appendicitis, peptic ulcer, diabetes, 
cholelithiasis, atherosclerosis, and certain types of cancer. Those of us who 
are privileged to work in South Africa (although feeling the drawbacks at-
tached to isolation) consider that the best contribution we can make to medical 
science is to find out all we can about the diet, biochemistry, metabolism, and 
pathology of its people, in the hope that useful leads of etiological value ulti-
mately may be found, especially in regard lo the Western "killers," heart 
disease and cancer. 
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THE SUBJECT OF UTRITION and physique, and the 
factors modifying them, is a vast one; hence, it will be 
possible to touch on only a very few aspects as they 
relate to Bantu communities. In this short paper it 
is proposed to mention a few points bearing on the 
physique and the nutrition of these people, to provide 
examples of the extent to which both aspects may be 
modified by local practices, and then briefly to discuss 
needs for the future. It will be understood that the 
writer primarily has in mind the Bantu resident in the 
Union of South Africa. 
CERTAIN FEATURES OF BA TU PHYSIQUE 
The term 'physique' has been defined as-'The 
physical or bodily structure, organisation, and develop-
ment; the characteristic appearance or physical powers 
(of an individual or race)-a definition, it will be ob-
served, which includes more than the aspects of weight 
and height. 
GROWTH 
Birth Weight and Prematurity 
In r 944, Heynes and Hersch ( 19) collected single 
pregnancy records of 2298 labours of Bantu from 2 
urban hospitals; 105 were stated to be unequivocally 
premature. The mean birth weight of the 2, r 93 babies 
was 6 lb. 12.4 oz.; 67-70% of babies weighed between 
5%-7% lb., and 17 % weighed under 5.Yz lb. In another 
series (500) in which all mothers had antenatal assist-
ance, mean birth weight was 7 lb. 4 oz. Among Whites 
of the same period, in comparison, a local series of 942 
babies (excluding multiple births) had a mean birth 
weight of 7 lb. 8 oz., 5 % weighing under 5.Yz lb. (30). 
In rural and peri-urban areas, average birth weight 
varies from region to region, and appears to depend 
primarily on economic position. Thus, in one semi-rural 
Bantu township, where almost all adu lt males were 
regularly employed at a steel works, mean birth weight 
did not differ significantly from that of White babies 
born into homes of artisan workers in Johannesburg 
( unpublished observations). 
Speaking generally, although the gap is narrowing, 
the birth weight of present day Bantu babies (rural 
and urban) is inferior to that of present day White 
babies; the Bantu figure approximates to that of babies 
born in England, Belgium and France at the turn of 
the century (39). 
The much higher incidence of prematurity in the 
Bantu (and other non-white populations) may not be 
of significance in regard to their future well-being. It is 
well recognized in Central and Southern Africa that 
children, whose weight at birth by ordinary standards 
would cause them to be classed as premature, are often 
sturdy and active and can be reared without the special 
care that has to be lavished on White children of the 
same weight ( 14). In Johannesburg, Kahn et al. (24) 
found that the survival rate among 1,000 premature 
babies (almost exclusively under 4.Yz lb.) without the 
use of incubators, special feeding, etc., compared not 
unfavourably with that of overseas White premature 
infants. 
Growth of Very Young Bantu Children 
Jelliffe and Dean (23) have stated that "African 
children of poorer groups, living under both rural and 
town conditions, show the following quite abnormal 
growth, as judged by weight gain, in the early years 
of life: i) First 6 months of life: excellent growth with 
sufficient protein and calories supplied by a good flow 
of uncontaminated breast milk, while the child is 
protected from many infections by antibodies from the 
mother during pregnancy. ii) Second 6 months of life: 
fair growth, but breast milk no longer sufficient for 
child's needs of both protein and calories, and added 
foods (if any) usually mainly starchy carbohydrates, 
with little protein. iii) Second and third years of life: 
poor growth, or even no growth, or loss of weight for 
long periods, due to the low protein, mainly carbohydrate 
diets (starchy foods, sometimes small quantities of 
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cow's milk, meat or fish), and to the numerous infections 
that occur (including diarrhoea, m alaria, chest in-
fection). During this stage, protein calorie ·malnutrition 
may occur. The 2 most common clinical forms a re 
kwashiorkor and nutritional marasmus." Although writ-
ten from Kampala, Uganda, statements similar to the 
above have emanated from the Congo (34), Rhodesia 
(15), and South Africa (42, 25) . I n contrast, among 
Bantu groups in a more favoured economic situa tion-
as in the study of K a hn and Freedman (25) on children 
of Bantu nurses, sisters, and health visitors- growth 
data (both height and weight) during the period of the 
study (1-11 years) were found to tally with those of 
Iowa City standards of 'superior American children' (2 1). 
Growth of Bantu School Children 
Speaking generally, the height and weight pictures 
of Bantu children (rural and urban) almost inva riably 
are inferior to those of contemporary White children, 
both local and overseas (36) . Broadly, da ta combined 
from several studies suggest that current height of 
Bantu children is of the same order as children in the 
United States ( 18) at the turn of the century, and of 
British children cited in the Board of Educa tion Study of 
ewman (3 7) in I 928. There are exceptions, of course; 
for example, in 1949, in a n investigation of Welbourn 
(52) it was reported tha t the mean height of the K ampala 
Bantu children examined at 8 years was greater than 
that of local White children of the same age group, 
and incidentally, coming from very good homes. Bantu 
data for weight at various ages are slightly inferior to 
those of American and British children in the studies 
just cited. In comparison with poorer White children, for 
example those of Dundee and G lasgow (39) in 1920, mean 
weights of Bantu boys and girls at 13 years a re superior. 
Although certain investigations suggest that increases in 
both height and weight in Bantu children have occurred 
within recent years, insufficient information is available 
to learn of the extent of such improvements. 
Height and Weight at Maturity 
The question of salient interest is, since Bantu children 
are both under height and weight, compared with 
White children, is growth merely delayed (not necessarily 
a deleterious happening), or does the slower growth 
prejudice both height and weight at maturity? 
The following table indicates that the height of 
Bantu mine workers of 18- 40 years (the group on which 
we have most information) is little inferior compared 
with corresponding Whites of the same age group. 
Additionally, we have found smaller groups of rural 
Pedi and Tswana Ba ntu males, 20- 40 years, to have 
mean heights of 65.5 and 66.25 in., respectively. 
R egarding Bantu women, data a re very inadequate. 
Small groups (100 or so) of Pedi a nd T swana Bantu 
women, 20-45 years, were found to have mean heights 
of 60.5 and 61.5 in. , respectively. The mean height of 
Dundee mothers in poor economic circumstances studied 
TABLE 1. Height of Male Population Groups at Maturity 




Turner (46), 1910 South African Ban tu 
East Coast Bantu 1,337 66.5 
Transvaal Basuto 521 66 .o 
Cap e Province Bantu 680 66.25 
Walker (48), 1954 East Coast Bantu I ,100 66 .35 
Tra nsvaal Basuto 650 66.25 
Cape Province Ban tu 720 66 .1 
Carlson (4), 1942 U nited States Army re- 800,000 67.5 
cruits 
Clements and Scotsmen , atioqal Ser- 1,303 66 .82 
Pickett (6), vice r ecruits 
1952 
in 1920 was 60.94 in. (39). In the investigation of Kahn 
and Freedman (25) the mean height of the privileged 
group of Ban tu mothers was 62.3 in., which is closely 
simila r to that of Canadian women 20-40 years, namely, 
62.7 in ., reported by le Riche and Pett (32). Within the 
limita tions of the studies cited, neither Bantu men nor 
women appear to be m arkedly inferior in height to 
White subjects. 
With both sexes and at all ages over 1 year, Bantu 
are inferior in weight in comparison to present day 
Whites. Moreover, in contrast to the la tter, limited 
studies suggest that after 20 years weight does not in-
crease significa ntly with age. In a recent series of Pedi 
males and females studied, of ages 20-80+ years, 
throughout the decades, males averaged approximately 
127 ± 3 lb. a nd females 122 ± 2.5 lb. If the definition 
of leanness of McLester a nd Da rby (33) be used, i.e. 
15 % underweight, then compared with Whites of 
similar height, the majority of Bantu children and Bantu 
men a re 'Jean'; it is very unusual to observe obesity in 
Bantu men. On the other hand, Bantu women appear 
to be ' lean' only after middle-age; obesity during the 
child bearing period is not uncommon, and is rega rded 
by Bantu males as a desirable characteristic. 
CERTAIN MILESTONES OF DEVELOPMENT OF BANTU 
Psyc/zomotor Development in Very Young Children 
At K ampala, Uganda, Geber and Dean (14) re-
ported that newborn Bantu children are at a more 
advanced state of development, judged by the criteria 
used, compared with normal White children. Much of 
the activity corresponds to an age of 4- 8 weeks. In 
further studies on the psychomotor development of 
older Ba ntu children these workers found that up to 
the age of about 3 years development is usually in 
advance of White standards, the degree of advance 
being greatest in the youngest children. These findings 
a re not unexpected, because observations on Bantu 
children in the first year of life have already shown that 
the accepted 'mile-stones' of development- raising the 
head, standing, walking, a nd so on- a re passed at an 
earlier age than in White children. Unpublished ob-
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servations of a similar character have been made on 
Bantu infants in Johannesburg. 
Menarche 
Kark (26) studied r 038 Bantu schoolgirls from 4 
different rural areas in South Africa in relation to 
whether or not menstruation had commenced. In all 
groups investigated no girls had commenced menstruat-
ing before r 3 years, when only r girl had started. At 
r 5 years, 40.5 % of the girls were having menses; at 16 
the majority (80 %) had started, while it was only at 
19 years of age that all the girls were menstruating. 
Kark discussed certain possible factors influencing 
menarche age, namely, nutritional state, disease and 
climate; she considered physique and health to be 
important influencing factors, noting that in the groups 
studied the menarche occurred a year earlier in areas 
of improved compared with less satisfactory nutrition. 
The latter conclusion agrees with various data given by 
Mills (35) who noted, inter alia, that in orway between 
1868 and 1935 the mean age of onset declined from r 6. r 
to r 4.5 years, a change undoubtedly related to improved 
standards of health and physique. In a recent un-
published study on , ,ooo girls in a Johannesburg 
Bantu township, Oettle and Higginson obtained a 
mean figure of r 4.8 years. A current figure for British 
girls is 1 3.5 years (54). To throw further light on the 
possibilities of using this criterion ( time of onset of 
menses) as an index of nutritional state, Oettle has 
initiated large scale studies on Bantu schoolgirls in 
several regions. 
PHYSIQUE AND PHYSICAL PERFORMANCE 
Physical Prowess at Work 
In tribal life, it is usual for females to do the harder 
work- cultivating, weeding, fetching o_f water and fuel, 
'stamping' or grinding of cereals, and other household 
tasks. Men are concerned primarily with hut building, 
overseeing of the cattle, ploughing and sowing. Although 
Bantu males pursue a more active life than White 
males, the former are not characteristically hard workers. 
Nevertheless, under conditions where heavy manual 
work is required, as for example with Bantu mine 
workers, their capacity, even without training, appears 
to be in advance of that of similar White workers 
(Personal communication, Dr. C. J. Wyndham, Director, 
Applied Physiology Unit, Chamber of Mines). 
Motor Fitness 
Schoolchildren. Le Riche et al. (3 r) carried out studies 
using the Harvard Step Test (a test of physical per-
formance) on Bantu boys at a local institution for 
young delinquents. They found go % to be in the "good, 
excellent, or superior" classes in comparison with 30 % 
noted in a corresponding study on American private 
school boys. We have carried out further similar studies 
on rural Bantu children, reaching the same conclusion. 
A correlation was found between Step Test performance 
and the height and weight pictures in different rural 
Bantu schools. 
Bantu young men. Working with Bantu mine workers, 
Drs. Morrison and Strydom (personal communication) 
found that performances of mining recruits compared 
with White students entering the University of Illinois (8) 
were closely similar. The following mean scores for 
Bantu and Whites were obtained: ' Chinning,' 8.55 
and g.8 r; 'dipping,' 7. 79 and r 0.67; running the mile, 
7.17 and 7.1 r minutes; and for ' push-ups,' 15.62 and 
r 6.49, respectively. 
Older subjects. In an unpublished study, Dr. P. J. 
Kloppers and associated workers have investigated 
Harvard Step Test performance by Bantu and White 
prisoners (long-term) at Pretoria Gaol. Habitual activity 
in the racial groups differed little, yet the Bantu showed 
significant superiority in performance. 
FACTORS INFLUENCING PHYSIQUE 
Genetic Factors 
The extent by which genetic factors influence growth 
and ultimate height has occupied much attention in 
many countries. In an early careful study on Poverty, 
Nutrition rmd Growth (39), published in 1926, the follow-
ing quotation appears. "The persistence of racial charac-
teristics has been interestingly shown in the report of 
the Medical Department of the U.S. Army in the World 
War (1921), where statistics relating to measurements 
of draft recruits in the U. S. Army showed racial dif-
ferences as to height and body build clearly marked in 
the inhabitants of the country, the Scot-American 
being tallest of the 8 European races listed, with an 
average height of 67.93 in., while the Italian-American 
had an average height of 65.03 in. Racial variation 
is also shown in other measurements." 
In Southern Africa there are very tall Bantu groups, 
like the Watussi of Belgian Congo. There are the very 
short statured Bushmen of the Kalahari Desert, a 
non-Bantu African group who were dwelling in the 
South before the general Bantu invasion in the 17th 
century. There are numerous tribal groups with in-
termediate statures, but the extent to which such are 
influenced by genetics has not been studied. Investiga-
tions like those on Japanese children dwelling in the 
United States (17), and on privileged South African 
Bantu groups, as in the study of Kahn and Freedman 
(25) suggest, however, that the genetic factor is not of 
overriding importance in the determination of rate of 
attainment of height. 
Nutritional Factors 
The food resources of rural Bantu communities 
depend on the agricultural potentiality of their land 
(terrain, soil, rainfall, temperature, altitude, etc.), the 
presence or absence of crop and animal parasites, as 
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well as on the providence and intelligence of the peoples 
themselves. In urban areas, the diet consumed (especially 
the type of foods) depends primarily on economic 
position. Obviously, it is very difficult to generalise, 
since the nutritional situation differs so much from 
region to region, and even within the same region. But 
very broadly, where cereals (maize, sorghum or 'kaffir 
corn,' millet) are the main source of calories, as in 
South Africa, the energy value of the diet is unlikely to be 
grossly deficient, except among the very young. Gross 
protein may not be seriously low, but the intake of 
animal protein certainly is low. Further north, where 
cassava, sweet potatoes, plantains, and manioc, are 
staple sources of calories, the nutritional position is 
inferior to that where cereal consumption predominates. 
The nutritional situations in Central and Southern 
Africa in regard to the young are well discussed in 
Kwas/ziorkor in Africa (3), and, in so far as South Africa 
is concerned, in the series of papers by Fox ( r 2, 1 3) on 
'Nutritional foundations of agriculture'. Regarding other 
features of the diet, the intake of fat is low almost 
invariably. The intake of certain mineral salts and 
vitamins is influenced to a large extent by the amount 
of green leaves (morogo, m'fino) and vegetables con-
sumed. As already indicated, diet may differ markedly 
in near-by regions, e.g. among the Masai and Kikuyu 
(38) of Kenya, and among Shangaans in Mocambique 
and those dwelling on the Highveld beyond the ridge 
of the Drakensberg. In centres of population, some 
'westernization' of diet and manner of life is occurring; 
certain of the changes involved are mentioned later. 
It should be added that low intakes of certain nutrients, 
e.g. calcium by the general population (50) and vitamin 
C by babies (1), do not appear to be accompanied by 
demonstrable stigmata. 
Zymotic Factors: Parasitic Infestation 
In southern Africa, there are regions where parasitic 
infestations- blood borne, helminthic and protozoal-
are endemic. Understandably, their presence and severity 
have a strong influence on nutritional state and physique. 
Malaria and trypanosomiasis no longer are public 
health problems in the Union, but west in Mocambique, 
and northwards in the Rhodesias, Nyasaland, and 
Kenya, these and like diseases aggravate the ill-health 
picture when due to unsatisfactory nutrition. Bilharzia 
is rife in many regions, but apparently the ill effects 
are less marked in the Union compared with neigh-
bouring territories. The same applies to ancylostomiasis 
(hookworm) and other helminthic infestations, which 
appear to be much greater problems in the coastal 
regions compared with the inland Highveld. Here again, 
the parasite situation can differ markedly in near-by 
regions. In studies on certain Bantu school children in 
Western Transvaal almost three quarters were found 
to be free from helminthic infestation. But 50 miles or 
so further west almost all children studied were 
parasitized, some heavily so. (Personal communication, 
Dr. J. J. Theron, National Nutrition Research Institute.) 
EXAMPLES OF THE INFLUENCE OF LOCAL FACTORS 
AND PRACTICES ON NUTRITION AND PHYSIQUE 
Babies 
The following examples indicate how prejudicial 
local practices may be in relation to infant nutrition. 
In earlier days, according to Keen (27), 30 % of Swazi 
babies died during their first year, the majority suc-
cumbing during the first month. There were many 
possible causes of this- malaria, syphilis, bad hygiene, 
ignorance, etc., but Keen stated that the main cause 
was the terrible custom among the Swazi that a new 
born baby was not put to the breast until the umbilical 
cord had fallen off. This takes about 5 days, and during 
that time the baby is fed on soft maize meal porridge, 
made into a very thin paste and just pushed into the 
baby's mouth. As a second example, many Zulu (22) 
mothers believe that their colostrum is not healthy for 
the baby, so they treat their breasts by squeezing them 
and applying hot fomentations for 2- 3 days, or even as 
late as 5---6 days, before putting the baby to the breast. 
During this period weak maize paps are given, with or 
without sugar,- with understandable deleterious effects. 
Children 
The following study illustrates how influential a little 
known tribal practice may be on the growth of each sex 
of school children. 
Over the course of a year, Keen (27) made observa-
tions on groups of Swazi school children (boys and girls) 
at boarding and day schools. The boarding school 
group grew as expected. However, although the day 
girls grew regularly, the day boys gained practically 
no weight during term time. The tremendous difference 
between the day boys and girls was investigated. On 
referring the facts to the principal, it was noted that 
the day girls brought food with them, yet very few of 
the day boys had anything to eat at midday. Ultimately, 
it transpired that the Swazi male is not allowed to 
carry food, this being the prerogative of the female. 
The Swazi boy would rather go hungry all day than 
degrade himself by carrying food to school. Here there-
fore was a little known Swazi custom which obviously 
accounted for the difference in growth rate between the 
boys and girls. 
Girls and Pregnant and Lactating Women 
There are numerous reports bearing on abstinence 
from valuable foods by girls, pregnant and lactating 
women, due to tribal customs. The young adolescent 
Zulu girl (22) is forbidden to consume eggs, since it is 
believed that females (especially young adults) become 
excessively fond of men as a result of consumption of 
this foodstuff. Eggs, moreover, are believed to lead to 
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barrenness. Among the Mashona of Southern Rhodesia, 
J ali (22) refers to certain tribe among whom mothers 
throughout their pregnancies go without milk, this 
foodstuff being taboo. 
The Effects of Urbanisation 
The effects of urbanisation are widespread in their 
ramifications. Certainly, medical treatment and hos-
pitalisation facilities are far in advance of such in rural 
areas, and urban Bantu are becoming increasingly 
hospital conscious. On the other hand, tribal discipline 
is greatly weakened, and promiscuity and venereal 
disease, relatively rare in most country regions, increase 
markedly with urbanisation. Concerning nutrition, whole 
grain or high extraction cereals progressively give way 
to white bread and sugar, a pattern all too familiar 
to those acquainted with the impact of White civilisa-
tion on backward peoples (White and non-White). 
The whole subject is so enormous that the relevant 
ramifications on nutrition and physique can scarcely 
be touched upon in a short space. However, 2 examples 
of changes will be given. 1) It is usual for Bantu mothers 
to produce breast milk adequate in amount and satis-
factory in composition (47). In urban areas, however, 
the practice is being replaced by the use of proprietary 
products, prepared almost invariably in too dilute a 
manner (49). Even in Central Africa, Watt (51) .states 
"Unfortunately dried milk preparations, widely ad-
vertised by press and hoardings, are gaming an un-
welcome foothold." Unless prepared correctly, such 
preparations cannot but favour the development of 
infant malnutrition or even semistarvation. 2) In rural 
areas, Bantu infants wear the minimum of clothing, 
and hence are exposed to abundant radiation. In such 
regions, many able clinicians of long standing have yet 
to see severe rickets. On the other hand, the crowded 
conditions in urban townships together with over-
clothing favour the occurrence of rickets, which is very 
common and often severe (IO). This same situation 
prevails in similar centres of population elsewhere 
(50), e.g. in India, China, etc., and until recent decades, 
western cities such as Glasgow (11). 
DISCUSSION 
From the foregoing, several points seem apparent. 
Although the position differs somewhat from region to 
region, South African Bantu babies are lighter at birth, 
and grow slower than White children. Ultimate height 
for males and females is not markedly inferior to that 
of Whites. Weight, however, is lower in all groups, 
especially in males and females after middle age. In 
psychomotor development, new born Bantu babies are 
precocious, this feature extending into the 3rd year. 
In Harvard Step Test performance, studies indicate 
that the Bantu (children, young men, older men) are 
superior to Whites. Bantu girls are significantly later 
in starting their menses, although the gap between their 
onset and that of White girls is decreasing. In pregnancy, 
Bantu mothers appear to fare at least as well, and almost 
invariably they lactate better than White mothers. 
Yet, among these people intakes of nutrients, in terms of 
orthodox recommended allowances, are inadequate, 
sometimes grossly so; zymotic diseases, of varying 
intensities, exact their toll; moreover, numerous tribal 
practices can have a deleterious influence on nutritional 
state and physique. 
What then of the future? What are we to seek to do? 
For the philosophy of proceeding slowly, various points 
have been considered from time to time. 
Among Bantu young children,- the syndrome which 
causes perhaps most anxiety in relation to mortality 
and morbidity is kwashiorkor. Nevertheless, although 
long term studies are few, there appears to be no evi-
dence that patients recovering are ipso facto seriously 
stigmatised in later life (43, 53). Furthermore, in this 
connection, it would also appear that slower growth 
in older children due to temporary adverse nutritional 
conditions (as with German (2) and French (44) 
children during the last 2 wars) does not necessarily 
prejudice future growth once the situation improves. 
Cathcart (5), quoting an earlier authority, once asked 
"Should we aim, as some enthusiasts would have us do, 
at feeding children in such a way as to produce the 
maximum growth and development of which each child 
is capable? If we succeed in this are we sure that we 
have benefited the child? Does maximum growth make 
for health and longevity? There is certainly some evidence 
that it does not .... " 
Carlson (4) stated that of the first 800,000 U. S. A. 
selectees in 1941, the mean height was 67.5 in., the 
same as for the 1917- 1918 draftees; but the 1941 recruits 
averaged 8 lb. heavier. During that intervening period 
some have feared that physique deteriorated (7, 40). 
The question arises, was that gain in weight essentially 
beneficial? 
Keys (29) has pointed out "at the same height and 
age, Britons tend to be lighter than Americans, and the 
age increment in weight is smaller. In Japan, not only 
is the relative weight smaller, but the age increment in 
weight is much smaller than our own. A continuous 
rise in body weight with age, such as is the situation in 
the United States, is not inevitable. Among relatively 
primitive people on islands in the China Sea, there is 
no increase of average body weight after twenty-five" . 
These points suggest that the provision of additional 
calories to the South African Bantu population from 
school age onwards may not be wholly rewarding; 
they counsel a policy of cautious change. Also to be 
borne in mind is the fact that the Bantu pattern of diet 
and manner of life are associated, inter alia, with a 
relatively low mortality rate from cancer (20), and an 
extremely low mortality rate from coronary heart 
disease (50). If possible, our well meant desires to help 
must not simultaneously promote increases in these and 
other diseases which together exact such a fearful toll 
of lives among western populations. 
NEW POSSIBILITIES IN NUTRITION RESEARCH 333 
But as against this detached, conservative, and in some 
ways inhuman approach, it must be faced that in 
comparisons of vital statistics (infantile mortality rate, 
tuberculosis mortality rate, expectation of life, etc.) 
the Bantu are considerably inferior to Whites. In a 
paper of this type, however, it would not be appropriate 
to seek to elucidate and apportion blame to the various 
factors, nutritional and non-nutritional, responsible for 
the adverse aspects of the Bantu health picture, a picture, 
moreover, which in many respects is common to the 
majority of the world's population today. There is 
only room to bring to the fore the salient point which 
the writer desires to emphasize, namely, that with 
increased spending power and other relevant alleviating 
measures, it is imperative to increase the education of 
these people in the widest sense. It is not so much literacy 
that is at issue, since the great majority of these people 
already are literate; it is the aspects of education which 
will inculcate understanding, self-reliance, and re-
sponsibility. What is in mind will not be exemplified. 
An increase in spending power will afford ameliora-
tion only if a portion of the increase in money is spent 
wisely. Thus, additional food may not be entirely 
beneficial if it consists wholly of white bread, sugar, soft 
drinks, sweets, etc., such being the pattern of change 
now being observed in centres of population in the 
Union. The obtaining of dried milk (whether purchased 
at retail price, reduced cost, or gratuitous) will not be 
of maximum value in the post weaning period of Bantu 
infants if mothers almost invariably prepare the food-
stuff for consumption in too dilute a manner, as is the 
case at present. In this connection it will be remembered 
how often it has been reported that in many regions 
where kwashiorkor is common the cause does not stem 
primarily from poverty, but from ignorance and apathy. 
The Bantu child after weaning, in contrast to the White 
chi ld, has no priority at meal time in the family circle. 
Numerous other examples of this type could be given. 
In brief, as Keen (28) has stated, "without an intimate 
knowledge of Bantu psychology and tribal customs, 
our efforts in the nutritional field are doomed to failure . 
... As far as the rural Bantu is concerned, the difficulties 
will not be overcome by animal experiments, laboratory 
work, or dietetic calculations, but only by a vast social 
and educational revolution." But it is not only in regard 
to nutritional matters that education is important. In 
the field of medical treatment, for example, Keen (28) 
relates the case of I of his patients who was 'bewitched.' 
Despite batteries of diagnostic tests and observations, 
nothing unequivocally wrong could be found. Ultimately, 
the young man went to a celebrated witch doctor in 
Natal, by whom he became 'de-witched', and then 
quickly gained health and strength. Although these 
occurrences are becoming less common, at least in 
urban areas, their elimination will not be accomplished 
quickly. Even in the field of medical research, one 
rapidly comes up against tribal inhibitions and taboos. 
One manifestation is reluctance to give samples of blood 
and stools (although not breast milk) for analysis. We 
have often had to give half a dollar for a little blood 
from non-hospitalised people from whom we particularly 
wanted samples. But most dramatic of all appears to 
be the reluctance to part with excreta, for fear of how 
its fate may affect the person's future. At this Institute, 
there are over 200 Bantu helpers. At one time the writer 
was seeking to carry out studies on the faecal lipids of 
these people. Yet even with incentives of half a dollar 
per stool and half a dollar reward to the 'boss boy' in 
charge, only IO stools were obtained. 
It would seem inescapable that all our endeavours 
in relation to practical improvements in physique and 
nutrition, in relation to reduction of zymotic disease 
(which Platt (41) regards as the more important task) 
and in kindred health matters, will be stultified, unless 
equally intense endeavours be made to educate the 
Bantu in the respects described. What is being em-
phasized, obviously, is far from new. It has been the 
burden of recommendations in numerous conferences 
and symposia bearing on the whole subject. 
It will be understood, of course, that irrespective of 
changes in spending power, in health education, etc., 
several activities by both State and community are 
pressing on simultaneously, which when taken together 
and given time cannot but contribute to improvements 
in health. Thus, there are control measures against 
malaria, bilharzia, etc., and the provision of inocula-
tions against smallpox, diphtheria, and polio; there is 
improved housing in urban areas, increased hospital 
services ( especially in regard to tuberculosis) and ante-
natal and child welfare clinics; there is the subsidisation 
of the price of cereal foodstuffs, and the provision of 
certain foods at low cost (e.g. dried milk); moreover, 
the question of enrichment of cereal products is under 
very active investigation (16, 36). 
It must be reiterated, however, that the value of all 
these measures will be limited unless the education of 
these people in health matters be improved, and their 
providence stimulated. 
SUMMARY 
Information has been given on certain aspects bearing 
on the physique of the Bantu- birth weight (and pre-
maturity), growth of children, height and weight at 
maturity; certain milestones of development (psychom-
otor development, onset of menses), and motor fitness 
(prowess at work, physical performance). This was 
followed by brief general information on the factors 
likely to influence this picture (genetic, nutritional, 
zymotic disease, local tribal practices). 
While the physique picture of the Bantu does not 
give cause for serious concern, the vital statistics situa-
tion is far from satisfactory. It has been suggested that 
the aspect most deserving of attention is the educational 
aspect in its broadest sense, without which the best 
ameliorative efforts by State and community will fall 
far short of their potential effectiveness. 
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GROWTH, NUTRITION AND PARASITISM 
SIR,-It is regarded as axiomatic that growth is dependent on nutritional state, and that the latter is likely to be prejudiced by parasites, particularly if infestations be severe. Under conditions of severe dietary inadequacy and of intensive parasitization, undoubtedly such cannot but fail to prejudice gain in weight and rate of attainment of height. However, under less severe conditions, anomalies occur. For some years at this centre we have been endeavouring to throw light on the handicap imposed by schistosomiasis in Bantu children, and for this purpose have been studying three schools near by each other in the Rustenburg Native Reserve region in Western Transvaal: (1) Tweedepoort, with 100 per cent. S. haematobium infestation, where the water consumed comes from the River Hex; (2) Tleseng, virtually with no schistosomiasis, the source of water being shallow wells; and (3) Kana School, where there is about SO per cent. infestation. The assessment situation is simplified by the fact that about 80 per cent. of stools from each school are free from helminths. Exhaustive long-term observations have failed to reveal which school population is handicapped, or which particular child is at a disad-vantage on account of bilharzia, observations including those relating to growth measurements, clinical state, haematology and biochemistry, motor fitness (including Harvard step test), and educational prowess. Indeed, the Gilbertian situation is such that, broadly, the children with schistosomiasis have been found to be somewhat superior to those without, in respect of the step-test performance and educational ability. It might be conjectured, of course, (i) that the bilharzia! infestation is not severe, and (ii) that habitual diet and nutritional state are sufficient to mask any disability from the disease. Nevertheless, comparative observations in different parts of Southern Africa have indicated that, in so far as intensity of ova in the urine also the proportion of subjects with gross haematuria are concerned, the infestation at Rustenburg is relatively severe; moreover, although the general diet is not obviously inadequate, it is certainly low in animal protein foods, vegetables and fruit. In view of these rather negative findings, it was thought worth while to conduct corresponding observations in another part of the country. In association with Dr. R. J. Pitchford, Head of the C.S.I.R. Bilharzia Research Unit at Nelspruit, it was resolved to study Bantu children in the Crocodile River Valley in the Eastern Transvaal lowveld. In that valley, children have nearly 100 per cent. infestation with S. haematobium and about 75 per cent. infestation with S. mansoni, together with less frequent infestations of hookworm and certain other helminths. Our observations will be reported in detail elsewhere, but the paradoxical finding which we wish to draw attention to, is that the mean weight and height of the Bantu boys and girls of the three schools examined (Hectorspruit, Minty, and Komatipoort) are far higher than cor-responding values noted at Rustenburg; for the 15-year-old children, the differences are about 15-20 lb. weight and 2-3 ins. in height. The mean height of the adult males in the two regions does not differ significantly. The state of growth of the Crocodile Valley children probably is nearer to that of cor-responding South African whites than any other Bantu group; indeed, the Bantu growth data are almost identical to those reported for London County Council School children in 1948. Yet the diet of these lowveld Bantu, apart from a much higher consumption of vegetables and fruit, is substantially the same as that of the Rustenburg schoolchildren. 
Many anomalies such as the above are encountered by those working among under-developed populations. Thus, Welbourn (E. Afr. med. J., 26, 391, 1949) has reported the superior growth of Kampala African children of 8 years compared with that of local European children coming from good homes, despite the fact that upper respiratory infection, malaria and hookworm were more common among the African group. Other anomalies recently have been pointed out (Walker, A. R. P., Nutr. Revs., 19, 257, 1961). 
The foregoing information is given simply to illustrate the difficulties confronting the making of a precise assessment of disability from parasitism on state of nutrition or general health. It is our intention to characterize the Crocodile Valley Bantu as carefully as possible in order to assess the maximum adverse factors operating, yet still compatible with good growth. 
C.S.I.R. Human Biochemistry Research Unit, 
South African Institute for Medical Researah, 
Johannesburg. 
8th December, 1961. 
We are, etc., 
ALEXANDER R. P. WALKER, 
COLLEEN DE LACY. 
Print•d in Great Britain by F. J. PARSONS LTD., London, Folkestone and Hastinijs. 
Letter to the Editor of the Soutn African Medical Journal. 
Pl J?.l .. :'.' :EI'ERS IN sourH AFRICAN BANTU CHILDREN ~----- ------"J----- ~ 
Workers in South Africa ,~re particularly fortunate in having 
four ethnic groups available for study, - Whites, Bantu, "Coloured" 
(Eur-Africans ) , and Indians. This wealth of human material is further 
augmented by the fact that in each population, there are sections which 
differ widely in socio-economic state, diet, activity, occupation, and 
in other respects. In the three Non-White population groups, the 
value of the situation is still further augmented on e,cco1.mt of their 
exposure and reaction to the i r1pact of increasing westernization. 
This great diversity of material t'.1erefore provides unusually valuable 
opportunities for the throwing of additional light on a variety of 
subjects. 
One 2,spect of research which we have been pursuing concerns 
the changes observed in Bantu children in transition, - from rural to 
urb2,n centres, primitiveness to sophistication, indigency to relatively 
comfortable circumstances. While full details of these investigations 
will be published elsewhere, it has been thought worthwhile to mention 
briefly some of the changes which we have noted, which indic11te that 
the tempo of changes occurring in these young Bantu is perhaps more 
rapid that is generally appreciated. 
Regarding weight and height, we have found that Bantu boys and 
girls at Secondary Schools have much the same mean values as the poorer 
moiety of present day London Council School children. Urban more 
privileged Bantu children a.re as much as 25 lb. heavier and 3 inches 
taller than the poorer section of their rural counterparts. Even among the 
latter, however, there have been very significant gains in weight and 
height in observations made over the last ten years. In relation to skin-
f olde (triceps, scapula, iliac, umbilicus), we have found that all groups 
of Bantu boys studied have mean values consistently lower than those o:f 
White boys of the same age. On the other hand, Bantu girls at urban 
Higher Primary Schools have values olooely similar to those of White 
girls; furthermore, Bantu gir1s at urban Secondary Schools have been found 
to have mean values significru~.tly greater than those of contemporary 
White girls. Investigations hiwe revealed that mean age at menarche 
in the poorer rural girls is qproxi.mately 15.0 years; whereas, the mean 
age for girls in urban Secondery Schools is about 13.2 - 13.6 yea.rs, 
i.e. much the same as current figures for British girls. We have noted 
gra~ed chnnges in serum giumna globulin concentration. The most privilsged 
of urban Bantu children still have values markedly greater than mean 
values found in White children; nevertheless,. we have found a fall in 
this parameter with rise in socio-economic state in both urban and rural 
children. Mean values for urinary nitrogen excretion in better class urban 
Bantu children are much the same as values reported for White children; 
poorer rural Bantu children have lower mean values, although not as low 
as average values for Indian cl:ub.ldren in rural India. In respect of 
serum cholesterol, we have found step-wise increases in this component 
with rise in socio-economic state, both in rural and urban areasJ mean 
values in urban Secondary School post adolescent children closely 
approach those of White children. Iron deficiency anaemia has been found 
to be rare in all groups studied; better class children have higher 
mean haematolog:i.cal values than the poorer groups. In respect of blood 
pressures, we have found a. slight_, although significant, rise from rural 
to urban areas; girls have been found to have higher mean values than boys. 
The foregoing information is sufficient to illustrate the 
magnitude of the altering pattern of dietary, anthropometric, 
biochemical, nnd other changes now affecting the younger Bantu. While 
there is much that is commendable in these changes, caution must be 
exercised before considering that f!Very change towards norms in White 
children is wholly beneficial. There is little doubt that the ponderaJ. 
index (weight / height) in at least privileged Bantu girls will shortly 
exceed values in White girls. It is possible that the same trend may 
obtain with regard to blood pre-ssure. Among adult urban Bantu, the 
tendancy toward overweight and hypertension with increasing urbanisation 
.... 
- 3 ~ 
(el.so noticed among other emerging populations) has been commented. upon 
1 
elsewhere. A rise in blood choJ.nsterol levels to values approaching those 
of Europeans is scarcely gratifying, bearing in mind current hypotheses 
on the pathogenesis of arterioscJ erotic heart disease. 
t'hile certain of the trends present or anticipated are 
regrettable, they cennot be regarded as being other than inevitable. In 
a previous publication on some thoughts on the future heal th of the South 
2 
... \frican Bantu, the fact was underlined that the Bantu are now moving 
from a context of felling mortality from deficiency and infectious 
diseases, to an expected rising mortality from diseases of prosperity 
and nutritional excess. This hae been the experience of' all other 
emerging populations. The pattern of changes evinced by the Bantu will 
be the pattern followed by other African populations before the end. 
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THE NUTRITIONAL STATE OF SOUTH AFRICAN CHILD POPULATION 
GROUPS AS REFLECTED BY HEIGHT, WEIGHT, AND NITROGEN PARTITION 
IN THE URINE 
ALEXANDER R. P. WALKER, C.S.l.R. Human Biochemistry Research Unit, South African Institute for 
M edical Research, Johannesburg 
In South Africa there are Whites, Coloureds, Indians, and 
Bantu. Certainly among the last 3 groups there are many 
who are undernourished or malnourished. While the 
primary cause is lack of nourishing food , the part played 
by infections must be kept in mind. Thus, among at 
least the non-White populations, a high infant mortality 
from gastro-intestinal infections may prevail even when 
infants are wholly breast fed .1 In older children, too, 
infections may be very common. Thus, among 2 Bantu 
school-children groups studied in rural and peri-urban 
areas, serial examination of stools throughout the period 
of a year revealed that 3 of every 4 children had evidence 
of typhoid or dysentery infections.2•3 In addition, infes-
tations by helminths are common and intense in certain 
regional populations.' Apart from handicaps from poor 
nutrition and infections, deleterious effects may result from 
overcrowding, long distances to be travelled to school or 
to work, and other environmental factors. Nevertheless, 
there is no doubt that quantity and quality of food con-
sumed are of decisive importance in the nutritional state. 
There are many reasons why we require knowledge of 
the nutritional state of population groups : 
1. The first reason is for public-health purposes. This 
requires no amplification. 
2. In all ethnic groups the standard of living has risen. 
The 'Poor White' problem is far less serious now than 
30 years ago, the time of writing of the Carnegie Report.5•6 
Turning to more privileged communities, there is evidence 
that Pretoria White children are now taller and heavier than 
corresponding children studied 20 years ago.7•8 Among the 
Bantu, elevation of socio-economic status is reflected by 
an increasing rate of growth found in certain rural school-
child populations observed over the past 10 years ;6 more-
over, it has been shown recently that growth among better-
class urban groups is similar to that of Whites.9 Assoc;iated 
with these changes, particularly among the Bantu, bio-
chemical and metabolic patterns are also changing; so too 
are patterns of disease. Reversal of the serum albumin/ 
globulin ratio is encountered less frequently in present 
urban Bantu compared with the situation prevailing IO 
years ago.6 Observations indicate a progressive rise in serum 
cholesterol when comparing rural Bantu (120 - 150 mg. %), 
general urban Bantu (160 - 180 mg.% ), and 'sophisticated' 
urban Bantu (190 - 220 mg. %); this reflects increased 
intakes of calories and fat in urban residents.6•10 Regarding 
conditions or diseases associated with increasing privilege, 
there is evidence that obesity is now commoner amongst 
'Poor Whites'5•6 and among urban Bantu.5•11 Diabetes in 
the latter is probably increasing,12 and coronary heart 
disease, although still very rare, appears to be becoming 
slightly commoner.-13 Numerous other items of relevant 
information could be adduced. The salient point is th~t 
there is a dynamic state of change in South African 
populations, especially among the Bantu, in regard to diet, 
growth, literacy, socio-economic status, intensity of urbani-
zation, and other factors. If medical science is to learn 
worth-while lessons from these changes, with regard to 
epidemiology, aetiology, metabolism, etc., then it is 
imperative to know the rate of change of the general 
nutritional state of constituent population groups. 
3. A thi rd reason for this need (actually an extension 
of the second reason) may be illustrated from problems 
at present confronting this unit: 
(a) In seeking to obtain information about the mile-
stones of development in the young in the different ethnic 
groups, one aspect we are enquiring into is the mean age 
of onset of menarche. When making interracial com-
parisons it is obviously necessary to know the general state 
of nutrition of the groups under study. 
(b) In endeavours to throw light on the handicap to 
health imposed by parasitism, it is necessary when making 
comparative observations to know of the nutritional 
state of the populations showing different degrees of 
parasitism. 14•15 
(c) Current research on the aetiology of osteoporosis in 
Whites suggests that in a large proportion of cases a low 
intake of calcium may be chiefly responsible.16•17 Since the 
Bantu are used to a much lower calcium intake than 
Whites, it might be expected that they would evince 
more osteoporosis. To throw light on the calcium status 
of these people, we are, on the recommendation of 
Nordin,18 determining the phosphorus excretion index and 
the urinary calcium/creatinine ratio in different groups 
of Bantu and other ethnic groups. Understandably, the 
nutritional state of subjects must be determined. 
(d) While there is little doubt that the primary aetio-
logical factor in siderosis in the Bantu is their intermittent 
high iron intake,19•20 it is necessary to determine whether 
malnutrition per se plays a role.21 Hence, it is essential to 
make an assessment of the nutritional state of subjects 
upon whom serum-iron and other data are being obtained. 
(e) In trying to learn of the bearing of hormonal 
activity on atherosclerosis and coronary heart disease, 
we must have knowledge, inter alia, of the androgen-
oestrogen excretion patterns in the different population 
groups.22•23 Here again, the need to assess the state of 
nutrition, or, in certain groups, the extent of 'Westerni-
zation', is understandable. 
For the above and for many other investigations that 
could be cited, it is necessary to have the means of learning 
of the nutritional state of groups of people and of indi-
viduals, of children and of adults. 
How may nutritional status be measured? To provide 
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adequate information it is necessary to know (1) habitual 
quantity and quality of food components consumed; 
(2) weight, height, skinfold thickness, and clinical 
deficiency stigmata; (3) biochemistry of blood and excreta. 
Along these avenues of approach, however, full infor-
mation is very difficult to obtain. Estimates of the intakes 
of specific nutrients for large numbers of subjects are 
skilled and costly procedures to carry out. The assessment 
of mild clinical deficiency stigmata is subject to con-
siderable observer bias; some authorities have even queried 
whether the results are worth while.24 Many of the bio-
chemical m~thods are complex and time-consuming and 
subject, moreover, to differences of interpretation. What 
really is required for the specific purposes just detailed 
is a relatively simple test or series of tests which will 
provide a broad indication whether population groups or 
individuals, particularly the young, are poorly, moderately, 
or well nourished. 
Of all nutrients, protein is most influential in determining 
nutritional state, and the amount of nitrogen excreted 
per diem in the urine is believed to be a good reflection 
of protein intake.!5 But to obtain accurate 24-hour urine 
samples is difficult, even under hospital conditions; col-
lections from non-hospital people present a much greater 
task. Furthermore, while the excretion figure as an index 
appears valid for adults, it is somewhat less reliable for 
children.25 
An associated approach is based on the observation of 
Folin26 that with an intake of protein nitrogen of 16 G. 
per diem (i.e. about 100 G. of protein), 87·5 % of the total 
nitrogen in the urine is excreted as urea. This finding has 
been developed by Platt and Heard ,27 who consider that, 
in a morning sample of urine, urea nitrogen plus ammonia 
nitrogen as a percentage of total nitrogen provides a 
rough but reliable index of nitrogen intake and hence 
of protein intake. The proportion may be as low as 30 % 
in severely malnourished subjects, but reaches 90 % or 
more on a high-protein diet.27 •28 Arroyave25•29 considers that 
urea nitrogen/total nitrogen percentage is equally satis-
factory, but maintains that the examination should be 
carried out on fasting samples of urine. Luyken and 
Luyken-Koning,30 however, have found the effect of a 
meal to be slight. Arroyave29 also considers that since 
creatinine, for practical purposes, is not affected directly 
by variations in protein intake, the amount of urea excreted 
can be expressed per unit of creatinine, in the same manner 
as is customary for the water-soluble vitamins or their 
metabolites; this index may be more sensitive for the 
purpose in mind than the urea nitrogen/total nitrogen 
percentage. 
The two topics for study which primarily stimulated 
our interest in this subject are those listed above in this 
column as (1) and (2). In the present investigation, which 
is preliminary in character, we have concentrated upon 
them. and have determined the nitrogen partition per-
centage and the urea/creatinine ratio in the urine, and 
the weight, height, and certain other criteria in a number 
of different groups of school children (White, Indian and 
Bantu). 
SUBJECTS AND METHODS 
The subjects ranged from 14 to 17 years old, and included 
the following groups (see table): 
Whites. 38 boys in a rural high school in the Transvaal. 
Indians. (I) 43 boys in an urban high school of good 
socio-economic position, predominantly Moslem. (2) 41 
boys in an urban high school of good socio-economic 
position, predominantly Hindu. (3) 45 boys in an urban 
school of poor economic status, predominantly Hindu. 
(4) 30 boys in a rural school, poor, and mainly Hindu. 
All these schoo ls were in Natal. Studies on Indian girls 
were not considered expedient by the teachers. 
Bantu. (1)- (6) are 30 boys and 30 girls from each of 
3 schools, Tleseng (no bilharzia), Tweedepoort (almost 
100% bilharzia), and Kana (about 50 % bilharzia), all in 
the Native Reserve region 10 - 15 miles north-west of 
Rust1,nburg. (7) and (8) are respectively 21 boys and 24 
girls from a rural Bantu school, in very poor circum-
stances. (9), (10) and (11) are 35 boys each from schools 
in the Johannesburg area, viz. Shalom Manne (Higher 
Primary School, Dube), Ebomini (Higher Primary School, 
Edenvale), and Farm School, Witkoppen. 
Subjects were weighed and measured. Urine was voided 
between 9 and 11 a.m., except on 2 occasions (Kana 
Bantu School), when accurate 4-hour collections were made 
between 8.15 a.m. and 12.15 p.m. Volumes were measured, 
tests made for albumin ('albustix') and sugar ('tes-tape' or 
'clinistix'), and the specific gravity determined. In certain 
groups individual samples were chemically examined; 
otherwise equal aliquots from samples were combined to 
provide a representative pooled sample from each school 
group. Samples were preserved by the addition of con-
centrated hydrochloric acid at a dilution of 1 per 100. 
WEIGHT, HEIGHT, AND URINE NITROGEN PARTITION TN 
DIFFERENT 14-17 YEAR-OLD POPULATION GROUPS 
" !2 " " ~ ~ " <> ..; ~ ~ g $ .,: 
~ I :i ;; " ·;; Population group * . " '<> "" "" " <i " -~ -~ s ~ ~ 2 " ~ ~ ~ ~ li "' 
Whites .. M 38 118 65 ·8 85 ·5 25·0 
Indian: 
(I) (better-class Moslem) . . M 43 120 65 ·4 85 ·2 22 ·2 (2) (better-class Hindu) . . M 41 J 12 63·6 84·0 21 · 5 (3) (poor urban Hindu) .. M 45 96 62·0 73·2 13·7 (4) (poor rural Hindu) .. M 30 90 62·3 72·4 12·8 
Bantu: 
(I) (no bilharzia) . . .. M 30 83 59·8 78·8 18·2 (2) (no bilharzia) .. .. F 30 93 59·8 78·4 17 · 7 (3) (100 % bilharzia) M 30 82 59·3 76·3 16 ·8 (4) (100 % bilha rzia) . . F 30 89 60·2 77 · 7 17· l (5) (50 % bilha rzia) .. M 30 80 59 ·4 78 · 6 17·2 (6) (50 % bilharzia) F 30 89 59 · 7 77·4 17 ·4 
Bantu: 
(7) (poor rural school) M 21 75 59 · I 68· l 13 ·2 (8) (poor rural school) .. F 24 78 58 ·8 66 ·2 12 ·0 
Bantu: 
99 62 · 3 81 ·6 20 · I (9) } Johannesburg a rea, M 35 
(JO) Higher Prima ry M 35 97 61 ·5 80 ·5 19 ·7 (JI) Schools . . . . M 35 102 62 ·4 82 · I 20·8 
• Weight and height data refer to the I 5-year age group only in each school 
studied. 
Total nitrogen (Kjeldahl method) was determined, and 
creatinine as described by King and Wooton.32 Urea was 
estimated by the method of Levine et al.33 
COMMENTS ON RESULTS 
At Kana Bantu School, the two consecutive daily 4-hour 
urine collections for boys examined individually gave mean 
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nitrogen indices of 78·0 % and 79·3 %, and 16-9 and 
17·6, respectively. The values for the first day's pooled 
sample were 78·6 % and 17·1 respectively. Since agreement 
was close, only pooled urine samples from the other 
schools were examined for nitrogen, urea and creatinine. 
Whites. The partition percentage, 85·5 %, is closely 
similar to mean figures reported for White children else-
where,29·30·31 ranging from 82 to 91 % . The urea/creatinine 
ratio, 25·0, corresponds with other reported mean values 
of 25·2 and 28·0.30 Weights and heights are similar to 
those of Cape Town boys.34 
Indians. The mean figures for the urines of the boys 
in the better-class schools (1) and (2), like their mean 
weights and heights, are similar to those of the White 
children. Values for the poorer Indian groups (3) and (4) 
are lower. In India, respective urine indices of 72·5% and 
13·9, and 65·4 % and 7·5 were found in adult groups of 
better-class (protein intake, 50-4 G.) and poorer (protein 
intake, 42·6 G.) Rajasthanis.35 
Bantu. The values for the 3 Rustenburg male and female 
Bantu groups (1) - (6) are closely similar; hence these 
groups would seem to have similar nitrogen intakes. This 
inference is in harmony with the close similarity in mean 
age-group values for weight, height and skinfold, and 
for blood biochemical components (determined pre-
viously6·14·15). The mean figures are lower than those of 
the Whites or better-class Indians studied. 
The other rural Bantu groups (7) and (8), who were 
unquestionably poor, had still lower figures. Children were 
underweight and under-height cmpared with Bantu 
groups (1) - (6). The former, moreover, were heavily 
parasitized in contrast to (1) - (6), who suffered only 
lightly from helminthic infestation. 
The figures for the 3 groups of Johannesburg Bantu 
boys are closely uniform; the subjects would appear to 
have a greater intake of nitrogen than the Rustenburg 
groups. The higher figures of the former are in agree-
ment with their greater mean weights and heights, which 
are about a year behind those of the White boys. 
At Surinam, in Dutch Guiana, the following figures for 
children have been given urea-N / total-N percentage and 
urea/creatinine ratio respectively: Bush Negroes, 53 and 
7·5, 76 and 11 ·l; Javanese, 79 and 13·7, and 85 and 
18·8; Amerindians, 80 and 17·8;30 and Kapaukus primi-
tives, 50 and 4-4.31 Edozien and Phillips36 have reported 
percentage values of 79·5 and 54·9 % for better-class and 
for poorer (low protein) Nigerian children, respectively. 
While detailed figures are not given here, we found 
that albuminuria became progressively less frequent with 
increase in the two nitrogen indices. Incidentally, in the 
Bantu groups studied, the highest proportion showing 
albuminuria was 31 %, which is a great deal lower than that 
reported for a Central African child group with bilharzia, 
namely, 73 % .37 
DISCUSSION 
Do the partition percentages, combined with weight and 
height data, afford any information of value in relation 
to the specific problems mentioned? Before seeking to 
answer this question, it may be asked how representative 
are the samples studied? Of the White and Indian groups, 
all children normally go to school. This also applies to 
urban Bantu. But among rural Bantu, backward parents 
may restrict their children's attendance, especially during 
certain seasons; such groups therefore may not be repre-
sentative. At the times of investigation, absenteeism in any 
group was not more than 5 % ; since we are dealing with 
pooled samples of urine, it is unlikely that the absentees 
would have made a significant difference to the results 
obtained. Within the limitations indicated, it is believed 
that the figures obtained are representative. 
Turning now to the data acquired, it seems reasonable 
to suggest, on the basis of the information on the groups 
of boys, that the girls in the White and the two better-
class Indian schools studied are comparable in nutritional 
state. Thus, if differences are found in mean times of 
onset of menarche, they are likely to be due to non-
nutritional causes. If menarche is delayed in the girls in 
the poor Indian and in the Bantu schools, then inade-
quacy of nutrition may share resl?onsibility. At the time 
of writing, menarche data are incomplete for certain of 
the school groups. 
With regard to the Rus~nburg Bantu children, only small 
differeflCes in urine-nitrogen data were found between 
school-child groups with and without bilharzia (S. hae-
matobium). These observations are in agreement with those 
on weight, height, clinical state, blood biochemistry and 
haematology, physiological tests (e.g. Harvard Step Test), 
and prowess in school-work studies, already undertaken 
on the three groups. The present findings narrow down 
still further the differences detected between the groups 
studied with and without bilharzia.6·14•15 
The groups of boys in the diversely situated Johannes-
burg schools appear to have a similar nitrogen status. 
While a measure of undernutrition may well have been 
present, the existence of large-scale malnutrition is ruled 
out. A weakness in the study of pooled samples of urine 
is that data on a few well-nourished subjects may balance 
data on a few very malnourished subjects. In this con-
nection, in each of the 3 Johannesburg schools a careful 
examination of 120 - 150 boys (undertaken for another 
purpose by Dr. S. D. Mistry) revealed much the same 
clinical picture: stigmata of severe deficiency were absent, 
and the only common lesion was follicular hyperkeratosis. 
In the present study, interest has been focused primarily 
on the mean values of the various parameters determined. 
But, clearly, in the specific research problems previously 
detailed, determination of components in individual subjects 
presents no difficulty. Nevertheless, it is considered that 
the present approach probably holds out more promise for 
groups of subjects than for individuals, in throwing light 
broadly upon the nutritional state prevailing. 
There is, however, an aspect of this type of investigation· 
which is disquieting, and that is the legitimacy of com-
paring the various parameters in the non-White groups 
with those of the Whites, and assuming that when values 
in the former are lower than those in the latter, then in a 
measure undernutrition or malnutrition is implied. 
Too rapid growth in children may not be essentially 
meritorious; in the adult, at least, underweight is surely 
to be preferred to overweight. A high protein intake, 
consistent with a high urine urea/creatinine ratio, and with 
maximal muscle mass, need not be the optimum for the 
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organism. Certainly in respect of biochemical components 
such as serum cholesterol and blood sugar, the less 
privileged may have the advantage over the privileged. 
It is therefore of importance that care be taken not 
to draw too hard-and-fast conclusions (except in the 
presence of obvious deficiency) when making interracial 
comparisons. 
SUMMARY 
The need for knowledge of the general nutritional state 
of South African population groups has been emphasized, 
whether for public-health purposes, for determining changes 
in biochemistry and metabolism associated with elevation 
of socio-economic status, or for current research problems. 
A number of such problems have been instanced, and 
attempts have been made to learn whether, in so far as 
school children are concerned, the simple and easily 
determined parameters of weight, height, urea nitrogen/ 
total nitrogen percentage, and urea/creatinine ratio, in 
pooled urine samples from large groups, can provide 
information of value. Observations suggest that this simple 
approach is promising and should be further explored and 
developed. 
Gratitude is expressed to the school principals and teachers 
of the different schools for facilitating the examination of 
the children. For assistance in the field studies and laboratory 
work valuable help has been given by Misses A. Nurse, G. 
Schoen and P. Coles. 
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CORRESPONDENCE 
PARASITES IN STOOLS OF PERI-URBAN BANTU LIVING AROUND 
JOHANNESBURG 
A NOTE ON THE INCIDENCE 
To the Editor: A number of stools of obvious Bantu ongm 
have been collected systematically from the veld within an 
annular belt 10-20 miles around Johannesburg. The stools 
were required primarily for the determination of their fat, 
iron and other contents, in connexion with investigations pub-
lished elsewhere; but it was thought worthwhile to examine 
the faeces for the presence of parasites, to learn whether the 
incidence of the latter is likely to constitute a nutritional 
handicap to the inhabitants in the area investigated. 
The number of stools collected was 158. The hypertonic 
sa line flotation method was employed. 
INCIDENCE OF HELMINTHIC INFESTATION 
Parasite Number Infested Percentage Infested 
Ascaris lumbricoides 
(Round worm) 34* 21.5 % 
Taenia sp. 
(Tape worm) 21 13.3 % 
Triclwris trichiura 
(Whip worm) 2 1.3 % 
* Ascaris infestation was mild in 23 out of the 34 positive stools. 
A ncy/ostoma (hookworm) and Schistosoma mansoni 
(bilharzia ova) were not observed. 
The only other published study upon parasitic infestation in 
non-Europeans residing in or near Johannesburg, is that of 
Porter (1918); of 375 male Coloured and Bantu patients 
admitted to the General Hospital , she found Ascaris to be 
present in 0.6 %, and Taenia, 10.9 % ; other parasites amounted 
to 1.2 % . The Ascaris infestation found by us is thus much 
higher than that occurring in Porter's investigation, although 
the Taenia infestation noted by her is slightly lower than our 
figure. 
Ascaris infestations reaching 50 % have been reported from 
Natal (Osburn, 1936; de Meillon and Holland, 1939; Elsdon-
Dew, 1946; Gitlin and Schaffer, 1948). The same authorities 
have reported infestations of Trichuris to be common in Natal , 
20.6- 43 % of the subjects examined being affected. In regard 
to Taenia, also in Natal , de Meillon and Holland (1939) 
reported an incidence of 14%, but Elsdon-Dew (1946) and 
Gitlin and Schaffer (1948) found only 2-3 % infested. 
Jt must be remarked that the present state of knowledge of 
the incidence of parasites among the Bantu in South Africa 
is far from comprehensive; while quite a number of studies 
have been undertaken on Native groups in Natal, and on Mine 
boys on the Witwatersrand, there is relatively little informa-
tion available from the Orange Free state or from the Cape 
Province. 
Should the findings in our brief investigation provide a 
correct reflection of the degree of parasitic infestation in the 
peri-urban Bantu around Johannesburg, it would seem that 
such infestation can hardly be regarded as a serious threat to 
the nutritional condition of these people. 
This note is published with the permission of the South 
African Council for Scientific and Industrial Research. 
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LONG TERM INVESTIGATION OF BLOOD LOSS AND EGG LOAD IN URIN-
ARY SCHISTOSOMIASIS IN THE ADULT AFRICAN BANTU 
BY 
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The investigation to be described forms part of a programme of research on the role 
of parasitic infestation in aggravating malnutrition in the Bantu. 
Widespread infestation by Schistosoma haematobium occurs in several regions of the 
African continent (GELFAND, 1950a); in Natal, for example, CAWSTON (1918) reported an 
incidence as high as 80 per cent. among school boys in certain areas. While much infor-
mation is available on the epidemiology, clinical picture, and pathology of the infestation, 
very little is known of the extent of the accompanying blood loss. Some authorities place 
this haematuria in the same category as blood loss in ancylostomiasis, and blood destruction 
in malaria, in.its capacity to produce hypochromic anaemia (ERSPAMER, 1934; AwNY, 1944; 
BEET, 1945; GELFAND, 1950b; BROCK and AuTRET, 1952). Others suggest that schisto-
somiasis can cause a moderate anaemia (SALAH, 1935), or can merely aggravate an anaemia 
due to ancylostomiasis or malaria (ALLEN, 1936). TROWELL (1939) considers that the 
haematuria in urinary schistosomiasis is unimportant in so far as hypochromic anaemia is 
concerned. The position, however, must remain uncertain until quantitative information 
on the chronic blood loss is available, and whether such loss is likely to exceed the rate of 
the body's blood production, particularly when malnutrition is present. 
Although the present investigation is concerned primarily with the blood loss, other 
relevant aspects, about which there is much uncertainty, have also been studied. For 
example, several authorities have drawn attention to the irregularity of the number of eggs 
discharged in the urine, and warn against making a negative diagnosis based on the absence 
of eggs in single sample (ORPEN, 1917; BLACKIE, 1932; CAMPBELL-BEGG, 1942; BENNIE, 
1949). BARLOW (1948), however, refers to " the constant number of eggs which appear 
* We are grateful to Dr. M. L. NESER and Dr. H. J. HEINZ, of the South African Institute for 
Medical Research, Johannesburg, who carried out the blood counts and faeces examinations respectively. 
We also desire to thank Mr. J. LuB, of the Witwatersrand Native Labour Association Hospital, for his 
painstaking services in connection with the schistosomiasis subjects. 
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daily in the urine." Apart from incomplete data given by BARLOW and MELENEY (1949), 
no total egg counts undertaken over several days have been published. 
The Witwatersrand Native Labour Association Headquarters in Johannesburg is the 
clearing station through which pass all in-coming Natives recruited for service on the gold 
mines. At the hospital attached to the above centre, where all Natives are examined, there 
were selected eight adult subjects (from Portugese East Africa, Angola, and Nyasaland), 
suffering from schistosomiasis with obvious persistent haematuria. Cystoscopic examination, 
kindly undertaken by Dr. G. C. THOMSON,* revealed that all subjects, save Fernando, showed 
bladder lesions of the most severe type seen at the hospital during observations extending 
over several years. Granulomatous masses, varying only in extent arid distribution, charac-
terized these cases; subject Fernando showed numerous patches of acne (bilharzial tubercles). 
METHODS 
Six subjects, outwardly m good health, were observed for 10 days, and two similar 
subjects for 19 days. 
Collection of urines. 
Urines were collected continuously over 12-hour periods, from 6 a.m. to 6 p.m., and 
from 6 p.m. to 6 a.m. 
Determination of the blood in the urine. 
This was carried out by determining the total iron content of the urine. A 100 ml. sample was 
dried in a silica dish over a small flame or on a hot plate, and ashed overnight in a furnace at dull red 
heat. After hot digestion with 5 ml. concentrated hydrochloric acid, 10 ml. water was added, and the 
extract filtered into a 50 ml. volumetric flask; further washings with small amounts of water were 
added, and the solution made up to the mark. To 25 ml. of the extract were added 10 drops of 90 
per cent. thioglycollic acid and 5 ml. 7 N ammonia; the intensity of the purple colour was measured 
in a Hilger-Spekker Electrophotometer, using a 4 ml. cell and filter 603 (blue-green). Knowing the 
concentration of iron in the urine, and the total volume produced, the amount of iron excreted during 
each 12-hour period could be calculated. 
Urine normally contains only a very small amount of iron; in Bantu subjects, the amount 
has been found to vary from O. 1 to O. 7 mg. per diem (WALKER and ARVIDSSON, 1950). As 
it is impossible to carry out separate determinations of metabolized iron, and of iron derived 
from haemorrhage into the bladder, it was decided to regard all the iron as originating from 
haemoglobin. The values given for the blood loss can be only slightly too high. 
The amount of blood lost in the urine was calculated from the haemoglobin content 
of the subject's peripheral blood, and the amount of iron voided in the day's urine. Since 
haemoglobin = iron content x 34, then 
mg. iron loss per diem 
blood loss per diem in ml. = 
haemoglobin (g. per cent.) 
Counting the eggs. 
To estimate the total number of eggs in a 12-hour sample of urine, the total volume (minus the 
100 ml. taken for determination of iron content) was poured into a separating funnel. After settling 
for a minimum of 2 hours, 50 ml. was drawn off into a centrifuge tube, and spun at 3000 r.p.m. for 
about 3 minutes. After decanting the supernatent liquor, the residue was suspended in a small volume 
(up to 2 ml.) of O. 9 per cent. sodium chloride solution, and well mixed. The total volume was measured 
• Lister Building, Johannesburg. 
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in drops from an accurate 1 ml. pipette (1 ml. contained 19 drops), and the eggs present in four to six 
different drops were counted under the microscope. From these figures, the total number of eggs 
was calculated, correction being made for the 100 ml. taken off for the iron determination. Control 
tests showed that all eggs were accounted for by this method. The limits of error of the estimation 
were found to be within 10 per cent., which was considered to be adequate for the present purpose . 
Blood. 
Total and differential counts were carried out for all subjects. 
For the determination of haemoglobin, the oxyhaemoglobin technique was used. 0 . 02 ml. blood 
was added to and shaken with 8. 0 ml. of O. 1 per cent. ammonia, and the intensity of the colour, measured 
at 540 mµ, was compared with that of a solution of known haemoglobin content. 
Faeces. 
A sample of faeces from each subject was examined for Schistosoma ova (S. mansoni 
and S. haematobium), and for other parasites, such as Ancy lostoma and Ascaris. For this 
purpose, the sodium sulphate-Triton centrifugalization method was used (FAUST, INGALLS 
and SEE, 1946). 
RESULTS 
The total number of eggs passed, the colour of the urine, and the amount of iron excreted, 
all per 12-hour periods, are tabulated in Table I. 
The following data are given in Table II : cystoscopy grading; parasites in faeces and 
in blood; red cell count; eosinophils per c.mm. blood; haemoglobin in g. per cent.; total 
iron loss, total blood loss, and total eggs voided, during the 10-day periods of observation. 
DISCUSSION 
Colour of the urine. 
The colour of the urine provided little guide as to the amount of blood lost. A urine 
of normal colour may contain slight amounts of blood; a brown or red urine may contain a 
very variable amount of blood. 
Blood loss. 
The average loss of blood per diem for the eight subjects observed, ranged from 1 . 3 to 
6 .1 ml. Our subjects suffered from the most severe schistosomiasis (in so far as cystoscopic 
appearance of the bladder was concerned) seen at the Witwatersrand Native Labour Associ-
ation Hospital, through which pass about a quarter of a million African Natives per annum. 
The cystoscopist averred, however, that on extremely rare occasions, he had observed more 
extensive lesions of the bladder. It is possible, therefore, that the most severe infestations 
of schistosomiasis may give rise to a loss of blood greater than was observed in the present 
study. 
Six of our subjects had haemoglobin values within normal limits- taken as 14 to 16 g. 
per cent. (WINTROBE, 1951). Although lower values were found with the two remaining 
subjects, both were infected with malaria, and one ,in addition, suffered from ancylostomiasis. 
Hence, our observations indicate that, except possibly in the most severe cases mentioned, 
the loss of blood in urinary schistosomiasis in adults is unlikely to cause hypochromic anaemia. 
As far as we are aware, no investigations have been undertaken to determine the maximum 
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or in malnourished subjects. In acute haemorrhage in white subjects, as occurs for example 
in blood donors when losing 550 ml. blood, the haemoglobin level is restored to normal 
within an average period of 50 days (FOWLER and BARER, 1943). This suggests that a daily 
loss of 11 ml. blood may not cause hypochromic anaemia, but the inference is valid only 
if the haemopoietic response to haemorrhage is directly proportional to the amount of blood 
lost. To clarify the situation, a study has been initiated to determine the effect on the blood 
picture of the regular loss of small but increasing amounts of blood in both European and 
Bantu subjects. 
Egg load. 
For any one subject, the number of eggs present in consecutive 12-hour collections is 
liable to enormous variation. Thus, the subject Jim passed 85,000 eggs in the first 12-hour 
period; but during the 2nd, 6th, and 18th periods he was almost egg free. This finding 
emphasizes the warning given by previous workers (already mentioned) of the unreliability 
of seeking to diagnose schistosomiasis from single samples of urine. 
Variation of egg load with time. 
After completing our investigation, a peculiar regularity was noted in the number of 
eggs present in the urine, namely, that all subjects passed a minimum during the period 
from the 3rd to 5th days after the beginning of urine collections. This became apparent 
when the number of eggs passed, expressed as percentages of total eggs passed during the 
10 days of examination, were plotted together in one graph (see Fig.). This minimum was 
9 
8 
2 3 4 5 6 r 8 9 10 
TIME IN DAYS 
FIG.-Variation of egg load with time: egg load in percentage of total number passed during the 
period of 10 days. 
' 
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followed immediately by a peak lasting for 2 or 3 days. That this finding is a coincidence 
is unlikely, and the following possible explanation is suggested. The collection of urine in 
all cases began between 1 and 3 days after the subjects reached Johannesburg, at the conclusion of a train journey lasting some days. On arrival, after the stress of this experience, haematuria was intense. The subsequent period of rest, during which time much lesser abdominal 
muscular activity occurred, would seem to have allowed the newly produced eggs to accumu-late (BENNIE, 1949), and form vesiculae (BARLOW, 1948). Under pressure, these vesiculae 
rupture and discharge their eggs. This happened during the peak period on the 5th or 6th 
day. After this, the number of eggs passed (see Fig.) was less irregular, although the indi-vidual curves showed no regularity. In an endeavour to find out if this minimum and maxi-
mum would be repeated, the urine of two subjects was collected for a further 9 days; the same result, however, did not follow. 
SUMMARY 
Eight adult Bantu males from Southern Africa were selected, suffering from very severe 
urinary schistosomiasis (verified by cystoscopy) with persistent obvious haematuria. Urine 
was collected continuously in 12-hour periods, six subjects for 10 days, and two subjects for 19 days. The following are the salient findings : 
(a) The colour of the urine is little guide to the amount of blood lost, and no guide to 
the number of eggs passed. 
(b) The average amount of blood lost is smaller than was expected; it varied from 1 . 3 to 6. 1 ml. per diem. The haemoglobin levels of six subjects lay within normal limits; lower values were obtained with the two remaining subjects, who, however, also suffered 
from malaria. It is concluded that in urinary schistosomiasis in adult Bantu males, the amount of blood lost is insufficient to cause hypochromic anaemia, but it might well aggravate 
an anaemia due to other causes. 
(c) The number of eggs voided is subject to enormous fluctuation. One day there 
may be no eggs, and the next day tens of thousands. This irregularity once more draws 
attention to the unreliability of seeking to make a diagnosis of urinary schistosomiasis from 
single samples of urine. 
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AN INVESTIGATION OF HAEMOGLOBIN CONCENTRATION AND OF BLOOD 
LOSS IN STOOLS IN ADULT SOUTH AFRICAN BANTU INFESTED WITH 
INTESTINAL SCHISTOSOMA MANSON! 
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Previous studies at this centre have included investigations on haemoglobin concen-
tration, blood loss, and worm load, in urinary bilharzia (GERRITSEN, WALKER, DE MEILLON 
and YEO, 1952), and in hookworm infestation (GERRITSEN, HEINZ and STAFFORD, 1954). 
Before commencing a corresponding study on persons infested solely with intestinal bilharzia 
( S. mansoni), account was taken firstly of the lack of reports that the infestation causes an 
anaemia, and secondly of the prima facia evidence (mentioned below) which indicated the 
unlikelihood of arriving at any clear cut conclusions were such an investigation undertaken. 
Nevertheless, it was thought worth while to acquire the relevant information despite its 
limitations, since it falls within our wider programme of studying the aggravational effect 
of parasitism on malnutrition in the African Bantu. 
In South Africa, regions infested with S. haematobium exclusively are known (PITCHFORD, 
1952, 1954). On the other hand, according to present information, there appear to be no 
" pure " areas of S. mansoni infestation. The first requirement then, in order to carry out 
a satisfactory study, namely, the ready availability of persons infested solely with S. mansoni, 
cannot be met. Uncertainties, moreover, are increased by the probable presence of other 
helminths, by diseases such as malaria, and by other factors, both dietary and non-dietary, 
likely to affect haemoglobin level. Accordingly, we decided that we would merely divide 
the subjects to be studied into two groups, those with and those without demonstrable 
S. mansoni ova in stools. If the two groups showed no significant difference in haemoglobin 
concentration and the levels were satisfactory, then it could be inferred that S. mansoni, 
under the particular dietary and parasitic conditions prevailing, does not cause an anaemia. 
On the other hand, if observations revealed a significent difference between the two groups, 
a precise incrimination of S. mansoni would not be possible. 
• We are grateful to Dr. R. C. Pearson and Mr. J.P. du Plessis of the Witwatersrand Native Labour 
Association Hospital, Johannesburg, for facilitating the collection of samples from the Bantu mine 
workers. We are also indebted to Dr. D. H. S. Annecke and Dr. R. J. Pitchford, Union Public H ealth 
Department, for helping us to obtain the blood samples from the Bantu farm labourers. For advice 
and criticism our thanks are due to Dr. R. J. Pitchford, also to Drs. B. de Meillon and F. W . Fox of 
the South African Institute for Medical Research, Johannesburg. 
This paper is published with the permission of the S01Jth African Council for Scientific and 
Industrial Research. 
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With the above limitations in mind, in the first instance we studied (1) haemoglobin 
levels, the presence of blood in stools, and the presence of S. mansoni ova in stools, of medically 
fit Bantu mine workers coming from a region where both forms of bilharzia are known to 
be very common ; and (2) haemoglobin levels in Bantu farm labourers, values being deter-
mined in an area where the Bantu population are known to be approximately 100 per cent. 
infested with both types of bilharzia. 
SUBJECTS AND METHODS. 
Subjects. 
(1) Bantu mine workers. The Witwatersrand Native Labour Association Headquarters 
in Johannesburg is the clearing station through which pass all incoming Natives recruited 
for service on the gold mines. At the hospital attached to the above centre, where all Natives 
are examined immediately upon arrival, we obtained blood, stools and urine from 96 Shan-
gaans, coming from the Portugese East Africa-Transvaal border, a region where bilharziasis 
is common (PITCHFORD, 1952, 1954). All samples were taken from 9.30 to 11.0 a.m. Sub-
jects were medically fit, and showed no obvious enlargement of liver, spleen, or lymph nodes. 
Ages ranged from 18 - 40 years. , 
(2) Bantu farm labourers. At Kaapmuiden, in the valley of the Crocodile River in 
Eastern Transvaal, infestation with both types of bilharzia is almost invariable (PITCHFORD, 
1954). Blood was taken from 43 men and 40 women, collections being made mainly from 
6 - 8 a.m. No detailed clinical information was available. Subjects, who were also Shan-
gaans, were considered to be representative of their type. Ages ranged from 22-55 years. 
Methods. 
Haemoglobin was determined on venous blood by the oxyhaemoglobin method. 0.02 ml. blood 
was added to and shaken with 8 ml. of 0.1 per cent. ammonia, and the intensity of the colour measured 
using a Hilger Spekker spectrophotometer at 540 µ (Ilford Filter No. 602), calibrated against total iron 
determinations in blood. 
Blood in stools. To determine the presence of blood in a stool, a portion of homogenized faeces 
about the size of a pea was placed in a boiling tube (20-25 ml. capacity) and an emulsion made with 
water (about 10 ml. water). The mixture was boiled to destroy any enzymes which would give a false 
positive result, and then cooled ; 2-3 ml. were acidified with 33 per cent. glacial acetic acid. An equal 
layer of 5 per cent. pyramidone was superimposed ; 2-3 drops of 30 volumes hydrogen peroxide were 
then added, allowing each drop to fall well into the solution. A lilac or mauve ring indicated the presence 
of blood. The test is less sensitive than the benzidine test, but equally as sensitive as the spectroscopic 
test. It can detect 1 part blood in 1000 parts faeces. 
S. mansoni in stools. About 5 g. stool, mixed with 100 ml. aqueous 0.5 per cent. glycerin, was 
poured into a urine glass and allowed to settle for t hour. The sediment was washed twice further, 
settling for 20 and 10 minutes respectively. The sediment fluid was poured into a Petri dish and ex-
amined at 100 X. 
S. haematobium in urine. Urine samples were settled and centrifuged, and a portion of the deposit 
examined for ova at 70 X. 
RESULTS 
Our results, firstly on the Bantu mine workers, and secondly on the Bantu farm labourers, 
are given in Tables I and II respectively. 
Mean haemoglobin values have been calculated to sea level using Fitzgerald's Law 
(LURIE, 1945), namely, that there is a rise in haemoglobin level of approximately 10 per cent. 
per 100 mm. fall in mercury barometric pressure ; i.e. there is an approximate elevation 
of 2.4 per cent. per 1000 ft. rise above sea level. The mean altitude of the Shangaans' 
homeland is about 1000 ft. above sea level. While we have employed this correction factor, 
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we must point out that as far as we are aware, no relevant comprehensive long-term study 
has been undertaken on groups of persons rising from sea level to 5,000 - 6,000 ft., or vice 
versa. Normal values for white men and women are quoted after WINTROBE (1951). 
TABLE I. Haemoglobin levels, and blood loss in stools, in Bantu adult males with and without S. 
mansoni infestation. 
Bantu group with S. mansoni Bantu group with S. mansoni 
present absent 
No. of subjects 24 72 
Haemoglobin level g. % 15 .2 ± 1 . 56 15.2 ± 1.35 
(mean S.D., and range) (12 .9 - 17 .9) (11.8- 17 . 7) 
Mean haemoglobin level corrected 
to sea level g. % 14.6 14.6 
No. of subjects showing blood in 
stools 6 16 
Normal haemoglobin level of white men at sea level is 16 ± 2 g. per cent. (WINTROBE, 1951). 
Additional data. 
Three subjects who were infested solely with S. mansoni had haemoglobin concentrations 
of 17.7., 16.5., and 17.9., g. per cent. respectively. 
Ova of S. haematobium were found in the urine of two subjects with S. mansoni ova in 
stools, and in the urine of two subjects without S. mansoni present. Ova of S. haematobium 
were also found in the stools of two subjects who had no S. mansoni present. Erythrocytes 
were present in 22 urines, including those which contained S. haematobium ova. It will be 
appreciated that the true incidence of S. haematobium is likely to be considerably higher than 
is indicated by the figures given. 
Parasites, other than S. mansoni and S . haematobium, which occurred indiscriminately 
in the stools of the subjects of both groups included Fasciola hepatica, Ancy lostoma, Trichuris 
trichiura, Ascaris, Strongyloides, and Taenia saginata. 
TABLE II. Haemoglobin levels in Bantu farm labourers infested with both types of bilharzia. 
Bantu men Bantu women 
No. of subjects 43 40 
Haemoglobin level g. % 15.3 ± 1.5 13 . 3 ± 1.5 
(mean, S.D., and range) (12.9 - 17 . 9) (10.6 - 15.8) 
Mean haemoglobin level corrected 
to sea level g. % 14 . 7 12.8 
Normal haemoglobin levels of white adults at sea level are 16 ± 2, and 14 ± 2 g.% for men and 
women respectively (WINTROBE, 1951). 
COMMENTS ON RES UL TS 
Haemoglobin levels. The determinations on the mine workers were carried out in 
Johannesburg, the altitude of which is about 4500 ft. higher than the subjects' homeland. 
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Since blood samples were taken immediately upo~ arrival, we doubt whether there was 
sufficient time for any significant increase to have occurred in haemoglobin concentration. Data in Table I reveal no difference between the two groups of mine workers with and 
without S. mansoni. Levels of haemoglobin in each group, when calculated to sea level, are within the normal limits quoted for overseas healthy men. Data in Table II likewise, 
after correction for altitude, compare favourably with the overseas values cited for healthy adult males and females. These levels prevail despite the presence of several other parasites 
occurring indiscriminately, certainly with the mine workers, and probably also among the farm labourers. 
S. mansoni in stools. According to FAIRLEY (1951), in mild infestations the presence of 
S. mansoni ova in stools is difficult to detect. Moreover, irregularity in the voiding of ova 
is well known. Diagnoses based on rectal biopsies are, of course, to be preferred (PITCHFORD, 
I954), but to obtain such in our subjects was impracticable. The true figure for S. mansoni ova in stools is undoubtedly higher than the figure reported. 
Blood loss in stools. The presence of blood in the stools of persons infested with S. 
mansoni is very rarely noticed visually. In positive cases, PITCHFORD (1954) considers the incidence to be about 1 per cent. It must be pointed out, however, that a haemorrhage 
consisting of specks of blood in a medium such as faeces is most unlikely to strike the eye. Our results show that 24 per cent. of Bantu with S. mansoni ova in stools, and 20 per cent. 
of those without S. mansoni ova in stools, showed blood in the faeces Unfortunately, the 
interpretation of the figures is limited by a number of uncertainties. Firstly, as already noted, difficulty of diagnosis in mild cases, and the irregularity of ova of S. mansoni appearing 
in stools, mean that the true percentage of positives is certainly higher than that recorded. Next, in a certain proportion of Bantu showing blood loss in their stools, the positive results 
could have been due to the haemoglobin present in incompletely digested meat residues. To carry out the test for blood loss satisfactorily, subjects should have lived on a meat free diet for 2 - 3 days. This course was quite impossible for us to arrange ; in addition, it was 
out of the question for us to detain subjects for this purpose. Nevertheless, since the mine workers were examined immediately upon arrival, and since they had been travelling for 
2 days or so, it is probable that in the majority of Natives, the intestinal tract was free from 
meat residues at the time of examination. The possibility that in some cases the blood loss may have arisen from peptic ulcer, carcinoma of the gastro-intestinal tract, haemorrhoids, 
etc., cannot be ruled out, although the rarity of these conditions among the Bantu (GELFAND, 
1948) suggests that this possibility may be neglected. The actual amount of blood lost cannot be stated with certainty ; but at the most it is unlikely to have exceeded a few ml. per diem. The uncertainties detailed do not, however, vitiate our conclusion, namely, that blood loss 
in infestation with S. mansoni is both irregular and small. 
DISCUSSION. 
Only in one complication of S. mansoni infestation, namely hepatic bilharzia, is anaemia reported to be common (ERFAN, 1947 ; FAIRLEY, 1951). For this condition, it is probable 
that hepato-splenomegaly is largely responsible. BLACKIE (1936) wrote of bilharzia being characterized by insidious blood loss, but as far as we are aware, no one has postulated that S. mansoni infestation per se can evoke an anaemia in man. Yet, were the reverse to be the 
case, whether from blood loss or other cause, it is very unlikely that an anaemia would develop in the South African Bantu on account of their excessively high iron intake, which is as much 
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as 200 mg. per diem (WALKER and ARvrnssoN, 1953). There is now ample evidence, recently 
presented and discussed by one of us (WALKER, 1954), that the habitually high iron intake of 
these people acts as a " brake " on the fall in haemoglobin levels which usually follows adverse 
dietetic and parasitic conditions. For example, even grossly malnourished pellagrins, as a 
group, do not show the anaemia which would normally be a feature of their condition (GELFAND 
1948 ; KEYS, BROZEK, HENSCHAL, MICKELSEN and TAYLOR, 1950 ; NAPIER, 1952). This 
situation, however, also applies in measure to short-term consumers of a high iron intake. 
Thus, the restoration of haemoglobin levels in hookworm subjects by iron medication only, 
without improving diet, and without worming, has been demonstrated repeatedly (LAPAGE 
1937 ; HYNES, ISHAQ and VERMA, 1946 ; CRUZ and PIMENTO DE MELLO, 1948). The same 
treatment has proved correspondingly satisfactory in malnourished hypochromic anaemic 
Chinese blood donors (SNAPPER, LIU, CHUNG and Yu, 1939). 
Our results, as expected, do not throw any light on the effect, if any, of infestation solely 
with S. mansoni, on haemoglobin levels. But they do indicate that such blood loss as does 
occur is infrequent and insignificant. We do not, of course, consider that S. mansoni 
infestation imposes no handicap on the good health of the host, but believe that in so far as 
the parasite does aggravate malnutrition and poor health, the blood loss constitutes no strain 
on haemopoiesis, and provides no avenue of loss of nutrients or metabolites. 
SUMMARY. 
(1) An investigation has revealed there to be no significant difference in mean haemo-
~lobin concentrations in medically fit Bantu mine workers with and without S. mansoni 
infestation (but with other helminths present indiscriminately in both groups). Mean 
values, also those of Bantu men and women farm labourers in indifferent health and dwelling 
where infestation of both forms of bilharzia is almost invariable, have been found to lie within 
normal limits for healthy white men and women, after correction for altitude. 
(2) Observations demonstrate that such blood loss as occurs with S. mansoni infestation 
is irregular and small, thereby providing neither a handicap to haemopoiesis nor an avenue 
of loss of nutrients or metabolites. 
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Estimation of Blood Loss in Hookworm 
Infestation with Fe59 : Preliminary Report1 
Th. Gerritsen, H.J. Heinz, and G. H. Stafford2 
Sou th A f rican Inst it ute for Medical R esearch, 
Johannesburg, and Council for Scientific and 
Industrial R esearch, Pretoria 
A number· of workers (1, 2, 3) have· expressed the 
belief that in cases of hookworm infestation the 
anemia frequently observed could be caused solely by 
the blood lost from the intestines. In a review of the 
subject Lane ( 4) concludes that blood loss is the most 
probable reason for hookworm anemia. Wells {2) at-
tached A. caninum to the intestinal mucosa of living 
dogs and from iron balance observations calculated the 
maximum loss of 0.8 ml blood per worm per day, but 
he allowed for a considerable variation in the blood 
consumption of individual worms. Hahn and Offutt 
(5) found a method of studying the blood loss in hook-
worm infestation of dogs using radioactive iron. 
We have used a similar technic on three human 
patients, who, except for the hookworm. ova found 
in their stools, were otherwise healthy. Our purpose 
was to determine whether the blood loss per worm per 
day was constant (improbable) and to what degree 
the blood loss was responsible for the comparatively 
low hemoglobin values of our patients. 
Our method was briefly as follows. Approximately 
40 µc of Fe59, in acid solution containing less than 1 
mg of iron, were sterilized, buffered, mixed with 20 
ml of the patients' own heparinized plasma, and in-
jected intravenously. Small samples of blood were 
taken at intervals of 2 or 3 days and the radioactive 
content measured. After about 8 days, this became ap-
proximately constant and the collection of stools was 
then started and continued for about 12 days. The 
stools were collected in periods of 3 days and lumped 
together for extraction of the iron and measurement 
of the activity. Finally, after the last 3-day period, 
the patient was dewormed and quantitative worm 
counts made on the stools for the next 5 days. Where 
possible, ova concentration methods were employed 
after the fifth day to check the efficiency of de-
worming. 
The radioactivity of the blood was determined with 
an end-window Geiger counter after the sample had 
been ashed and electroplated on to copper disks, fol-
lM,ing essentially the method described by Vosburgh, 
Flexner, and Cowie ( 6). The stools were dried with 
concentrated HN0 3 on a water bath, ashed, extracted 
with HCl, and the activity of the liquid measured with 
a Veall type (7) liquid counter. A reference solution 
of Fe59 was also made from each batch used for intra-
venous injection. Then if 
Cs= counts/min in the liquid counter of the stool ash 
extract, 
Cb= average counts/min ml blood over the period dur-
ing which the stools were collected, 
1 This paper is published with the permission of the South 
African Council for Scientific nnd Industrial HescarC" h. 
• We wish to thank Mr. L. II. Stein for man)' ,·a lunble dis-
C"11ssio11s during the c11rly part of this wo rk . ~iiss II. Bcn.inmin 
ror the diligent way in which she carried out much of the 
routine ,vork , and the staff of the non-Europc:111 hospital In 
Johannesburg for their generous cooperation at all times. 
Se= counts/min ml of the reference solution electro-
plated, 
Sf= counts/min in the liquid counter of some of the 
same reference solution, 
Vs= volume of stool ash extract in ml, 
the blood loss is given by 
(Cs x Sex Vs)/(Cb x Sf). 
Our results, as summarized in Table 1, appear to 
support Wells' conception of a considerable variation 
in the blood loss per worm. The daily loss of 10-20 ml 
(i.e., 5-10 mg iron) would seem to account for the 
hemoglobin values obtained. They are definitely low 
for Angola Africans, who have a high iron intake ( 8) . 
The observed hookworm loads combined with a nor-
mal iron intake should, therefore, produce a marked 
anemia. 
We feel for the present unable to explain the high 
blood loss of patient A, harboring such a small worm 
load, unless there are one or two profusely bleeding 
TABLE 1. Hemoglobin values; blood loss during sub-
sequent 3-day periods; average blood loss per day; num-
ber of worms recovered from the stools after deworming; 
and blood losn per worm per day for the 3 patients ex-
amined, aud one control. 
Blood loss (ml) '.[ 
.. h 
111 "'ol ,..... 'O 'O 'O s P<.,:; 'O ~ ~ ~ .s .s .s 0 .. ..., ... ..... h 0 ..s: P.; .... .... .. !!: ,:I bl) "' "' "' "' ol 21 e "' P< P< P< P< 'O ..!<l +l 'O 'O ~ '-,, 0 ol .J:J ..., I> 0 ..s: 0 p, p:1 111 ,:I .... ..., <tl p:1 p:i 1:: ..... "'1 "' -st< 
M 10.7 33.5 26.8 25.1 28.7 9.5 368 0.026 
A 13.1 48.6 30.8 47.9 14.1 63 .22 
C 13.1 71.2 60.0 42.8 51.6 18.8 354 .053 
Control 2.3 2.3 2.0 0.7 
injuries left by the worms. To what degree blood loss 
is due to these bleeding injuries, or to the consumption 
of blood by the worm, remains to be determined m 
future experiments. 
On the basis of our results, it is not necessary to 
argue that the anemia is caused by the effect of toxins 
(9). However, our results have been obtained on pa-
tients with light loads in the age group from 18 to 30 
yr, and various factors such as adaptation and im-
munity might counteract the full effect of hookworm 
toxins and so affect our conclusions. There is, there-
fore, a need for further studies on younger patients 
and those with heavier hookworm loads. 
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Studies on Parasitism and the Nutritional State * 
by A. R. P. WALKER, Human Biochemistry Research Unit, Council for Scientific and 
Industrial Research, South African Institute for Medical Research, Johannesburg 
The subject of parasitism and the nutritional state is one of considerable 
significance to non-white populations, particularly those dweUing in the 
tropics and semi-tropics, yet it has attracted relatively little serious atten-
tion. Consequently, the field is pervaded with speculation and differences 
of opinion. 
For some time past, I have been collaborating with several other 
workers at the South African Institute for Medical Research in studies 
• These studies were carried out in collaboration with the Bilharzia Natural History Unit (Hon. Director 
Or B. de Meillon) of the South African Council for Scientific and Industrial Research. 
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on the blood loss that occurs in certain parasitic infestations. In particular, 
we have been interested in the claims frequently made regarding the role 
of certain parasites in causing or exacerbating hypochromic anaemia. 
Some of these studies are summarized below. 
Blood loss in ankylostomiasis. By the use of radio-iron, we have 
found that the blood loss in hook-worm infestation is irregular (up to 
18 ml a day in 3 young Bantu males), that it is not dependent exclusively 
on the number of worms present, and that it is certainly in harmony with 
the common and often severe hypochromic anaemia observed in regions 
where the parasite is common. a It is probable that the blood loss is greater 
in subjects with excessively heavy worm loads. 
Blood loss in infestations with Schistosorna haernatobiurn. An inves-
tigation on six young Bantu adult males suffering from severe urinary 
bilharziasis (diagnosed, inter alia, by cystoscopic examination) revealed a 
maximum average blood loss of 7 ml a day over 10 consecutive days. 
6 
A similar study (unpublished) on six hospitalized Bantu schoolchildren, 
likewise suffering from haematuria, revealed a slightly smaller daily blood 
loss. Notable features of both these studies were the wide variations 
in daily blood loss and the small amount of blood required to impart a 
marked colour to the urine. The haematuria found was unlikely to have 
caused an anaemia, but may have aggravated an existing one. 
Blood loss in infestations with Schistosorna rnansoni. Examination 
of the stools of patients with this infestation showed the loss of blood to 
be very small. c 
Hypochromic anaemia in persons with bilharziasis. Blood examinations 
(haemoglobin concentration, haematocrit, and mean corpuscular haemo-
globin concentration) in several groups of Bantu children and adults 
with both types of bilharziasis showed the number of cases of anaemia 
to be negligible. This finding, based on extensive field observations, is at 
variance with conclusions reached elsewhere. In Mozambique, d for example, 
anaemia is reported to be common, and occasionally severe, among 
bilharziasis sufferers. Nevertheless, it has not been established that 
bilharziasis is the causative factor, since anaemia appeared to be equally 
common among subjects with and without bilharziasis. Moreover, malaria 
is also prevalent and may share responsibility for the anaemia. It should 
be stressed that, in so far as our local studies are concerned, the rarity 
of anaemia may well be accounted for by the excessively high iron intake 
of the South African Bantu, which often reaches and occasionally exceeds 
200 mg a day. In other regions, where the iron intake is moderate or low, 
it is possible that bilharziasis may cause a dyshaemopoiesis indirectly 
(i.e., quite apart from the haematuria) and hence promote an anaemia. 
a Gerritsen, T., Heinz, H. J. & Stafford, G. H. (1954) Science, 119, 412 
b Gerritsen, T. et al. (1953) Trans. roy. Soc. trop. Med. Hyg., 47, 134 
c Walker, A. R. P., Fletcher, D. C. & Traill, V. (1954) Trans. roy. Soc. trop. Med. Hyg., 48, 501 
d Azevedo, J. F. de, Colaco, A.T.F. & Faro, M.M.D.C. (1954) An. Inst . Med. trop. (Lisboa), 11, 5 
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Comparative study of Bantu children with and without bilharziasis. Groups 
of children from two neighbouring Bantu schools, near Rustenburg, 
having access to different water supplies-one infested with S. haematobium 
and the other not-are being compared with regard to diet, anthropometry, 
blood chemistry, haematology, and parasitology. A record is also being 
kept of the clinical findings, studies are being carried out on the eyes and 
teeth, and various physiological and intelligence tests given. Observations 
up to the present suggest that the differences between child populations 
with and without bilharziasis are small. The general impression, therefore, 
is that the handicap imposed by bilharziasis may well be less than is usually 
believed. The work is continuing. 
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The Problem of Seeking to Assess the Handicap 
Imposed by Parasitism on Certain Aspects of 
Health 
ALEXANDER R. P. \VALKER 
South Ajrir,m Institute for Medical Research, Johannesburg, 
Republic of South Africa 
Page I. Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 I l. A venues of Approach in Seeking to Assess the Handicap from Para-sitism . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 A. fo Vitro Studies on Parasites . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 B. .-\nimal Experimental Studies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 C. Observations on Healthy Humans with a Single Parasitic Infection 5 D. Observations on l.: nderprivileged Peoples with a Single Parasitic Infection . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 E. Observations on Underprivileged Peoples Habituated to Multiple Nutritional Deficiencies an<l Multiple Parasitic Infections . . . . . . . 7 F. The Influence of Local Practices on Nutrition and the General Health Picture . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 llI. Health Criteria as Affected by Parasitism . . . . . . . . . . . . . . . . . . . . . . . . . 11 A. Certain Features of Bantu Physique . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 B. Certain Milestones of Development of Bantu . . . . . . . . . . . . . . . . . . . 16 C. Physique and Physical Performance . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17 IV. ;,.,'" utritional Deficiency Stigmata . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18 V. Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 References ............ , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21 
I. Introduction 
The problem of endeavoring to assess the influence of parasitism on physique, nutritional state, and other aspects of the health picture, is a profound one, and has received much attention in recent years. There have been careful reviews on the subject, for example, those of Hunter ( 1953) bearing on "Nutrition and Host-Helminth Relationships," and Smith ( 1955) and Geiman ( 1957), on "Parasitism and Nutrition" and "Nutri-tional Effects of Parasitic Infections and Disease," respectively. There have been comprehensive addresses on the subject, such as that of Chand-ler ( 1957) on "Interrelationships between Nutrition and Infectious Dis-ease in the Tropics," delivered at the 1956 annual meeting of the American Society of Tropical Medicine and Hygiene. There have, moreover, been detailed symposia on the subject, as for example, that held at the above meeting on "Helminthic Infections as the Cause of D isability and Disease" ( 1957) ; and in the previous 'year's meeting there was a symposium in 
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which the corresponding situation with schistosomiasis was discussed 
(1955). 
To the reader of these and kindred publications it soon becomes ap-
parent that precise knowledge on the subject is very incomplete. Further-
more, examination of current relevant contributions indicat,·~ that little 
additional headway has been made. to rectify the defective ~late of infor-
mation. 
The question naturally arises-why is knowledge on the subject so 
unsatisfactory? The answer is that in the contexts in which parasitic 
disease is a serious public health problem, the variables in the situation 
are so numerous that a precise apportionment of blame is well nigh im-
possible. Thus, Smith ( 1955) maintains, "we know very little about the 
metabolism or nutritional requirements of parasites, and . . . it is often 
almost impossible, especially in human subjects, to separate nutrition from 
a mass of other environmental influences which may have a bearing on 
host-parasite balance." Chandler ( 1957) even more emphatically states, 
"It appears ... that infectious disease and malnutrition are so inextricably 
interwoven with each other that any attempt to deal with them separately, 
or separately to appraise their effects on the welfare of people in the 
tropics is as futile as trying to separate the effects of heredity and environ-
ment." Apart from parasitic and other zymotic diseases, and nutrition, 
there are factors such as housing, hygiene, tribal customs, etc. to be taken 
into account. How then can any rational approach be made toward the 
teasing out of the respective causes and deleterious effects? 
The writer is not a parasitologist, but a biochemist and nutritionist, 
engaged in trying to throw light on the ramifications of patterns of diet 
on patterns of health and ill health among the interracial groups ( whites, 
"Coloreds," Asiatics, Bantu) of South Africa. In pursuance of investi-
gational work, it has been inevitable to wonder to what extent zymotic 
diseases, particularly helminthiasis, bear responsibility for the adverse 
aspects of the Bantu health picture. With this background, in seeking to 
clarify the problem under discussion, it has been thought worthwhile to 
review briefly the following closely related aspects : 
1. Some avenues of approach to the problem, indicating their inherent 
limitations. 
2. Criteria upon which parasitism might be expected to have an impact, 
in particular, physique and malnutritional stigmata. 
The subject under discussion is so extensive that some restriction 
of scope is inevitable. Accordingly, it must be made clear that in this 
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view, the writer almost exclusively has helminthiasis in mind, particu-
· ly schistosomiasis, ancylostomiasis, and ascariasis, and the handicap 
,it they impose on the Bantu of South Africa. 
II. Avenues of Approach in Seeking to Assess the Handicap 
from Parasitism 
Smith ( 1955) has indicated that parasites may affect the nutrition of 
c host in the following manner : 
A. Appropriation of nutrients, 
( 1) From the host's food; 
(2) From the host's tissues. 
B. Impairment of appetite and hence of food intake. 
C. Disturbance of intestinal function in the host, causing impairment of 
digestion or absorption. 
D. Disturbance of metabolism in the host, causing impairment of 
utilization. 
E. Establishment and maintenance of immunity or resistance in the 
host to the parasite, requiring diversion of nutrients from the 
normal metabolic channels. 
ro obtain helpful information, enquiry may be pursued along the 
lowing avenues : 
.\. Determination of the nutritional requirements of parasites by means 
of in vitro studies. 
H. Determination of the handicap imposed by specific parasites on ex-
perimental animals on different planes of nutrition. 
C. Determination of the handicap imposed by specific parasites ( from 
voluntary or involuntary infection) in healthy well-fed humans, 
not habituated to the environmental factors in which the particular 
parasite is endemic. 
I>. Observations on the health picture of humans habituated to unfavor-
able environmental factors including multiple nutritional deficien-
cies, but with a single parasitic infection. 
E. Observations on the health picture of humans habituated to unfavor-
able environmental factors including multiple nutritional deficien-
cies and multiple infections. 
Certain aspects of these approaches will now be discussed. The factors 
parasitism and nutrition as far as possible will be considered simul-
neously. 
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A. In Vitro STUDIES ON PARASITES 
Attempts to estimate the nutritional needs of parasites from in vitro stud-
ies are fraught with difficulty. Smith (1955) has pointed out, "In vitro 
studies which might provide much information, have so far failed to do so. 
In fact, no helminth infesting a mammalian host has been successfully 
cultivated in an artificial medium." .. 
B. ANIMAL EXPERIMENTAL STUDIES 
It would be imagined at first sight that experimental studies on animals 
would be very rewarding, for, as Smith ( 1955) has indicated, there 
should be little difficulty in providing adequate, otherwise comparable, 
parasite-free controls, and in eliminating or compensating for many en-
vironmental variables. Unfortunately, investigations of this type are beset 
by numerous limitations and uncertainties. Obviously, the light that can 
be shed by studies on animals is determined by the measure in which the 
infection and its severity, and the nutritional requirements and stigmata 
of deficiency and excess, resemble the respective responses in man. The 
extent of the resemblance, however, both parasitologically and nutrition-
ally, depends very much on the species and also the strain, sex, and age 
of the animal used. But there are additional difficulties. 
1. Difficulties in Infecting Small Animals 
According to Craig and Faust ( 1945), it is apparently impossible to 
accomplish a mature infection of experimental animals with the human 
strain of Ascaris lumbricoides. Schistosomiasis occurs naturally in man, 
monkeys, and cattle, and can readily be induced in mice, but not in rats, 
rabbits, or guinea pigs ( De Meillon, 1960). In the beginning, therefore, 
there is some restriction on the types of animals that can be infected with 
parasitic forms of relevance to man. 
2, Differences in Stigmata of Infection 
A further limitation is that the stigmata of specific parasites in animals 
and man are not identical. There are points of difference in ill effects 
(lesions, liver dysfunction) in monkeys and man infected with S chistosoma 
bovis (Bersohn and Lurie, 1953). Blood loss in dogs from Ancylostoma 
duodenale ( Wells, 1931) is far greater per worm than that estimated to 
occur in man (Gerritsen et al., 1953; Foy et al., 1958). · 
3. Difficulties Regarding Extrapolation to Man of Findings in Nutritional 
Studies in Small Animals 
Chandler ( 1953) has emphasized, "Diet exerts profound influence on 
the course of parasitic infections." To obtain information from animal 
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experimental studies of value to man, it is necessary to study the.: effect of 
planes oi 1 utrition on the course and sen·rity of the parasitic infection. 
A major d1inculty, however, is the fact that therl' an: numerous differences 
between animab and man regarding nutritional requiremenb ancl mal-
nutritional stigmata. Human diets, satisiying orthodox recommendations 
for nutrient allowances, are nut adequate for the well-being of rats or 
monkeys ( Sporn and Elvehjem, 19.+8; Spurn ct al., 19.+8). According to 
Gyorgy ( 1958), "Human milk is not only not beneficial. but is harmful 
for all animals used in routine nutritional studies." In no animals do the 
requirements of total protein or of amino acids corre5pond entirely with 
those of man I Hundley, 1958). H.ats have a requirement of fat (Alt111-
Slater and Deuel, 1960) ; this has not been demonstrated unequivocally 
with humans. A low calcium intake in rats soon produces stigmata and, 
inter alia, affects fertility ( Henry and Kon, 1955) ; with humans this 
does not appear to obtain. Co11\'ersely, an elevated concentration of dietary 
iron of the level which will produce abnormal absorption and deposition 
( siderosis) in humans ( Brown ct al., 1958) does not cause the same 
phenomenon in rats ( Hegsted ct al., 19.+9). :\I any other differences be-
tween the responses of animals and man can be enumerated. There is, 
of course, 110 desire to minimize the valuable help that experimental nutri-
tional studies on animals have yielded in relation to human nutrition and 
metabolism; but it is inescapable that the utmost caution must be exercised 
in the extrapolation of the findings from experimental nutritional studies 
on animals to man. 
The foregoing considerations, both parasitological and nutritional, in-
dicate that there are gross limitations to what can be learned from experi-
mental studies regarding the handicap of parasitism in humans. 
C. OBSERVATIONS ON HEALTHY HUMANS WITH A SINGLE 
PARASITIC INFECTION 
An avenue of approach which at first sight seems promising is study of 
the course and outcome of a single specific infection, self or involuntarily 
induced, in healthy subjects consuming a diet satisfactory according to 
current accepted standards. Naturally, voluntarily induced infection is 
undertaken by very few enthusiasts. Half a century ago, Looss ( 1911) 
infected himself with hookworm. He noted, inter alia, an increase in ova 
when additions of milk and cheese were made to purely vegetarian diet. 
Yet his observations have not been confirmed. Subsequent investigations 
of a similar nature have indicated that intestinal helminths generally ben-
efit from lack rather than from excess of protein in the host's diet. More 
recently, it will be remembered how Barlow (Barlow and Meleney, 1949) 
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infected himself with schistosomes ( S. hac111atobiu m) ; yet while his expe-
riences, clinically and in other respects, arc of great value, they tf'll w, lit-
tle of the precise toll that the schistosome exacts from underprivileged 
population groups among whom this parasite is prevalent. 
In human nutrition, even carefully controlled studies involving defi-
ciency of a single component have their limitations. Severe deficiency 
of calories, as in the well-known r-.finnesota study (Keys ct al., 1950) 
did not yield the same ill-health picture as the effects of involuntarily con-
sumed semi-starvation diets. Although Crandon ( 1940) was able to induce 
scurvy in himself from prolonged consumption of a diet virtually free from 
vitamin C, the deficiency disease in its classic form did not eventuate in a 
long-term study on wartime conscientious objectors, consuming a diet ade-
quate except for vitamin C ( Medical Research Council, 1948). 
Thus, "vivisectional" studies of the type described, both parasitic and 
nutritional, while certainly valuable, are unlikely to provide us with the 
needed information. 
D. OBSERVATIONS ON Ul\J>ERPRIVILEGED PEOPLES WITH 
A SINGLE PARASITIC INFECTION 
As will be readily appreciated, it will be of great value to make ob-
servations on peoples habituated to inferior diets and accustomed to other 
unfavorable environmental factors ( e.g., poor housing), but who have 
a parasitic infection either wholly single or grossly predominating. Op-
portunities, however, for making such observations are very meager. In 
South Africa on the highveld there are some Bantu population groups 
among whom Ascaris is the only helminthic parasite; there are others 
among whom Schistosoma haematobium occurs in the virtual absence of 
both blood-borne and stool parasites. Nevertheless, extensive studies by 
the writer and collaborators (Walker, 1958; ·walker et al., 1960) 
on Bantu school children with only S. haematobium infections have 
yielded disappointing and, in certain respects, anomalous results. Briefly, 
in Western Transvaal, in the Rustenburg Native Reserve ·region, by good 
fortune there are two nearby areas ( 4 miles apart), one where river 
water is used, and almost all consumers have bilharzia; and the other, 
where the source of water is shallow wells, and the incidence of bilharzia 
is negligible. Comprehensive studies on school children from these two 
areas have been undertaken-dinical, biochemical, hematological, physio-
logical, tests for motor fitness, scholastic ability, etc.-yet, on the basis of 
the criteria used, it has not been possible to differentiate which children 
( whether groups or individuals) have bilharzia. Indeed, a number of 
paradoxical findings have been encountered which add confusion to an 
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already coniused picture. Thus, the more intelligent children were found to be those who were infected; morem·er, the better performances of the Harnrd Step Test ( a test of physical endurance) were by the infected children. From these observations, it is tempting to conclude that the handicap imposed by bilharzia on the children studied was not of signifi-cance to the total health picture. It must be noted, however, that lack of obvious stigmata may be explicable on the lines that (a) the infection was mild, frank hematuria being encountered only in about 10% of subjects; (b) stigmata may become prominent only in the older age groups ( these studies are about to be undertaken) ; or ( c) the children were fairly well nourished, thereby, presumably, mitigating ill effects of the bilharzia! infection. 
Along this avenue of approach, and even in an almost ideal situation for research such as has been described, results of investigations may be nega-tive and contribute little toward elucidation of the problem at issue. 
E. OBSERVATIONS ON UNDERPRIVILEGED PEOPLES HABITUATED TO MULTIPLE NUTRITIONAL DEFICIENCIES AND MULTIPLE p ARASITIC INFECTIONS 
The people in these categories constitute the bulk of the world's popula-tion; they are the people about whom information concerning the effect of parasites, in the presence of nutritional deficiencies, is most urgently required. 
Two investigations that have been undertaken on such peoples will be given for illustration. Many years ago, Lane ( 1932) presented a mass of evidence on the effect of heavy infection with Ancylostoma duodenale and N ecator americanus upon the weight, strength, stamina, and performance of his adult human subjects, and noted the growth retardation, both physi-cal and mental, which such infections cause in children. He further re-corded the weight gains and general improvements in physical well-being and performance that resulted from eradication or even substantial reduc-tion of the hookworm load. 
A more recent investigation is described by Smith (1955). "The survey of a West African village (McGregor and Smith, 1952) was a baseline survey undertaken as a preliminary to an attempt to eradicate the common parasitic diseases without interference with the dietary, agricultural, social, or economics of village life, the object being to achieve as accurate an assessment as possible of the part played by the multiplicity of para-sites in producing the ill-health and subnutrition so prevalent in the area. In the year after the initial survey, vigorous control measures were di-
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rected against malaria, filariasis, and trypanosomiasis. Ancylostomiasis could not he attacked at this stage. The village was resurveyed just a year later. It was found that the total malaria parasite load had been reduced by 50% or more in the age groups of childhood and up to 80% in ado-lescence. The total load of microfilariae had been reduced by over 9070, and all persons known to be carrying trypanosomes had been treated. Re-examination showed that a considerable change in health status had oc-curred. The mean heights and weights of the children in all age and sex groups below six years were consistently higher than in the previous year, the difference, taking all groups together, reaching a high order of sig-nificance ( p = Jess than 0.001). Hemoglobin levels had risen throughout the population, the mean increase being 17%. There was also noted a substantially reduced incidence of many stigmata of nutritional ill-health. The individual physical signs which decreased in incidence significantly were: folliculosis and dyssebacia of the skin of the face, cheilosis and an-gular stomatitis, indentation, fissuring and discoloration of the tongue, changes in the papillae of the tongue, and xerosis and 'crackling' of the skin of the limbs. ·with the exception of the last two skin manifestations, all these signs are generally attributed to deficiency of some member or members of the vitamin n complex, particularly riboflavin, niacin, pyri-doxine, and possibly pantothenic acid." 
Other investigations of this type could be described. It is postulated that among populations of the above type, it should be possible, by judi-cious selection and by long-term incremental specific deparasitization cam-paigns and nutritional enrichment campaigns, to clarify or at least to throw much additional light on the handicap under consideration. Indeed, this approach, although long-term and costly, appears to offer most prom-ise for the future. 
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1. Babies 
(j 
The foll<rn ing- examples i
ndicate hen,· pre j ud ici;tl lo
cal practices may 
he in relation to infant hea
lth picture. l 11 earlier day~
. according to h:een 
( 1946), 30;,c of South .\fi·ic;11! S\,az
i babies din! during their 
tir~t year, 
the majority succu1nLing d
uring tlw ftr~t 111nnth. The
re \\ t·re rnany pm,,-i-
ble causes of this, malaria, 
sypltili~. liacl hygiene, igno
rance, etc., but Keen 
stated that the main cause
 was the terriLlc custo111 a
mong the S\Yazi that 
a newborn baby was not 
put to the breast until th
e umLilical cord had 
fallen off. This takes abou
t 5 clays, ancl during that tim
e the bahy is fed 
on soft maize meal porridg
e. nnde into a nry thin p
aste and just pushed 
into the baby's mouth. :\s
 a secuncl exa111ple, many 
Zulu mothers believe 
that their colostrum is not 
healthy for the baby, so th
ey treat their breasts 
by squeezing them and app
lying hot fonientation~ for 
2-3 days. or even as 
late as 5-6 days, before put
ting the baby to the breast 
U ali , 1950 ). Du ring 
this period weak maize pap
s are giyen, with or withou




The following study illus
trates how influential a 
little-known tribal 
practice may be on the gro
wth of each sex of school c
hildren. 
Over the course of a year,
 Keen ( 19-l-6) made obser
yations on a group 
of Swazi school children 
(boys and girls) at board
ing and day schools. 
··The boarding school grou
p grew as expected, with 
slowing down during 
holiday period when they 
worked hard in the fields.
 However, although 
the day girls grew regula
rly, the day boys gained 
practically no weight 
during the term time, bu
t made similar gain to th
ose of boarder boys 
during the holiday period
. . . . The tremendous d
ifference between the 
day boys and girls require
d investigation. On referr
ing the factors to the 
Principal, it was noted that
 the day girls brought food
 with them. \\'ithout 
exception the day girls ha
d a satisfactory mid-day m
eal, while very few 
of the day boys had anyt
hing to eat at mid-day. 
This meant that the 
average day for a boy was
 as follows: Breakfast at h
ome-a Jong walk to 
school, sometimes as much
 as 4-5 miles,-a Jong da
y at school,-and a 
further walk home before 
any food was available. T
he Principal stated 
that during the year the on
ly failures in Junior Certif
icate were among the 
day boys, in fact he cons
idered it almost impossibl
e to get a day boy 
through Junior Certificate
. The matter was put t
o a meeting of the 
teachers, and we were info
rmed that the Swazi male i
s not allowed to carry 
food, and that this was t
he prerogative of the fem
ale. The Swazi boy 
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1rnuld rather go hungry all day than degrade himself by carrying food to 
scho, ,J Iferc therefore "as a little kno1,·n Swazi custom which obviously 
accou11tc(l for the tremendous difference Let ween the Loys and girls." 
3. Girls and Pregnant a11d Lactati11g Ir omen 
There are numerous reports bearing on abstinence irom valuable foods 
by girls, pregnant and lactating women, due to tribal customs. The young 
adolescent Zulu girl is forbidden to consume eggs, since it is believed that 
females ( especially young adults) become excessively fond of men as a 
result of consumption of this foodstuff. Eggs, moreover, are believed to 
lead to barrenness. Among the Mashona of Southern Rhodesia, Jali 
( 1950) refers to certain tribes where mothers go through all their 
pregnancies without milk, this foodstuff being taboo . 
4. The Effects of Urbanization 
The effects of urbanization are widespread in their ramifications. 
Certainly medical treatment and hospitalization facilities are far in advance 
of those in rural areas, and urban Bantu are becoming increasingly 
hospital conscious. On the other hand, tribal discipline is greatly weakened, 
and promiscuity and venereal disease, relatively rare in most country 
regions, increase markedly with urbanization, as does tuberculosis. Con-
cerning nutrition, whole grain or high extraction cereals progressively 
give way to white bread and sugar, a pattern all too familiar to those 
acquainted with the impact of white civilization on backward peoples 
( white and non-white). The whole subject is an enormous one and has 
many ramifications on physique and other aspects of the health picture. 
A few examples of changes will be given. (a) It is usual for Bantu 
mothers to produce breast milk adequate in amount and satisfactory in 
composition (\i\Talker ct al., 1954b). In urban areas, however, the practice 
is being replaced by use of proprietary products, prepared almost invariably 
in too dilute a manner (Walker et al., 1955). Even in Central Africa, 
Watt ( 1959) states, "Unfortunately dried milk preparations, widely 
advertised by press and hoardings, are gaining an unwelcome foothold." 
Unless prepared correctly, such preparations cannot but favor the develop-
ment of infant malnutrition or even semi-starvation. (b) In rural areas, 
Bantu infants wear the minimum of clothing, and hence are exposed to 
abundant radiation. In such regions, many able clinicians of long standing 
(Gelfand, 1947; Trowell et al., 1954) have yet to see severe rickets. On 
the other hand, the crowded conditions in urban townships, together with 
over-clothing, favor rickets, which is very common and often severe 
( Feldman, 1950). A corresponding situation prevails in centers of 
.. 
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population elsewhere, in India, China, etc. ( \Valker, 1955), and until recent decades, western cities such as Glasgow ( Findlay and Ferguson, 1918 ). (c) Smith ( 1955) stated that "Even differences in dress may substantially influence exposure to insect-borne paras itic diseases, and the habit ni wearing shoes is of importance in assessing extent of exposure to hookworm infestion." ( d ) Elsdon-Dew ( 1954) has shO\vn that the incidence of Entamoeba histolytica is equally common in both rural and urban Zulu; yet there is a far higher incidence of the invasive disease in the urban dwellers whose diet is believed to be inferior to that of the rural dwellers. 
These few examples emphasize that whether we are seeking to elucidate th~ ill effects of parasitism, of unsatisfactory dietary habits, or of other noxious factors, singly or in combination, it is imperative to take into account the modification influence of local practices. 
III. Health Criteria as Affected by Parasitism 
The first part of this contribution has concerned avenues of approach in seeking to elucidate the handicap imposed by parasitism on state of health. But in traversing these avenues, the question immediately arises, what changes in what criteria are to be looked for? In particular, which aspects of physique, or which nutritional stigmata are likely to be most adversely affected by parasitism ? 
Hunter ( 1953 ) stated that in intestinal helminthiasis in both man and animals, loss of weight is almost universal if the infection is heavy enough. Smith ( 1955) has stressed that the most common effect is loss in weight in the adult host or failure in the development of the young. In the first place, therefore, it is proposed to consider physique in an attempt to determine which aspects are most susceptible to the ill effects of parasitism. In the following sections, the population used for illustration primarily will be the South African Bantu. In this respect, it must be made clear that both nutritionally and parasitologically, these people, in general, are at an advantage compared with most other indigenous African population. 
A. CERTAIN FEATURES OF BANTU PHYSIQUE 
The term "physique" has been defined as "The physical or bodily structure, organization, and development; the characteristic appearance or physical powers (of an individual or race)"-a definition, it will be observed, which includes more than the aspects of weight and height. It is now proposed to enquire into the impact of parasitism, directly or indirectly, on the following aspects of physique: birth weight and pre-maturity, growth of younger and older children, height at maturity; certain 
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milestones of development, namely, psychomotor development of infants, and onset of menses; physique and physical performance--children at play. prowess at \\·ork, and physical endurance ( Harvard Step Test). 
1. Growth 
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serious health problem. has not been investigated. l-Io\\'ever, very limited knowledge from various local sources suggests that incidence of pre-maturity, as with birth weight, is not markedly influence<l liy thr se\ erity of parasitic infection prevailing. 
b. Grml'th of T'cr_\' Yo1111g Children. Jelliffe and Dean \ 19:i9) have stated that "African children of poorer groups, living under both rural and town conditions, show the following quite abnormal growth, as judged by weight gain, in the early years of life: (i) First six months of life: excellent growth with sufficient protein and calories supplied by a good flow of uncontaminated breast milk, while the child is protected from many infections by antibodies from the mother during pregnancy. (ii) Second six months of life: fair growth, but breast milk no longer sufficient for child's 11eeds of both protein and calories, and added food ( if any) usually mainly starchy carbohydrates, with little protein. (iii) Second and third years of life: poor growth, or even no growth, or loss of weight for long periods, due to the low protein, mainly carbohydrate diets ( starchy foods, sometimes small quantities of breast milk, a little added animal protein, such as cow's milk, meat or fish), and to the numerous infections that occur ( including diarrhoea, malaria, chest infection). During this stage, protein calorie malnutrition may occur. The two most common clinical forms are kwashiorkor and nutritional marasmus." Although written from Kampala, Uganda, statements similar to the above have emanated from the Congo (Meyers, 1951), Rhodesia (Gelfand, 1947), and South Africa (Salher, 1957; Kahn and Freedman, 1959). In contrast to the above, among Bantu groups in a more favored economic situation-as in the study of the latter quoted workers on children of Bantu nurses, sisters, and health visitors ( with presumably minimal parasitization )-growth data (both height and weight) during the period of the study ( 1-11 years) were found to tally with those of Iowa City standards of "superior American children" (Jackson and Kelly, 1945). The ramifi-cations of parasitism on the growth of very young children will be discussed with those older children ( school children) in the next section. c. Growth of Bantu School Children. Speaking generally, the height and weight pictures of Bantu children ( rural and urban) almost invariably are inferior to those of contemporary white children, both local and overseas. Broadly, data combined from several studies (National Nutrition Research Institute, 1959) suggest that current height of Bantu children is of the same order as that of children in the United States (Hastings, 1957) at the turn of the century, and of British children a generation later, cited in the Board of Education Study of Newman (1928). There are exceptions, of course; for example, in the investigation of \Velbourn 
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( 1949), it ,vas reported that oi the ](ampala Han tu children examined at 8 year:, and among whom the incidences oi malaria, upper respiratory infection, and hookworm were high, mean height was greater than that of local ,,.,·hite children of the same age group a11Ll, incidentally, coming from very good homes. Speaking generally, Bantu data for weight at various ages are slightly inferior to those of American and British children in the studies just cited. In comparison with poorer white children, for example, those in Dundee and Glasgow in 1920 (Paton and Findley, 1926), mean weights of Bantu boys and girls at 13 years are superior. 
Local observations indicate that the height and weight of Bantu children habituated to a fairly satisfactory diet and lightly parasitized by Ascaris (for example, Bantu groups in Southern Kalahari Desert) do not appear to be significantly greater than those of Bantu dwelling in the coastal regions, where bilharzia, hookworm, and other parasites are common. However, investigations of growth and extent of parasitization in children from different local regions have not been adequately pur-sued, nor the effect of de-worming campaigns. It must be reiterated that in most local regions, severity of parasitization does not reach that occurring in the tropics. 
There is another aspect to consider. Almost invariably birth weight and growth data are low in underprivileged compared with privileged populations, probably due largely if not exclusively to adverse environ-mental factors. It would be unwise, however, to infer that the under-privileged are at a disadvantage per se as long as their growth data fall short of values common to white populations. Cathcart ( 1940), quoting an earlier authority, once asked, "Should we aim, as some enthusiasts would have us do, at feeding children in such a way as to produce the maximum growth and development of which each child is capable? If we succeed in this are we sure that we have benefited the child? Does maximum growth make for health and longevity? There is certainly some evidence that it does not .... " Carlson ( 1942) noted that of the first 800,000 U.S.A. selectees in 1941, the mean height was 67.5 inches, the same as for the 1917-1918 draftees; but the 1941 recruits averaged 8 lb heavier. During that intervening period some have feared that physique deteriorated ( Cureton, 1943 ; Perrott, 1941). In that instance the question arises, was that extra gain in weight essentially beneficial? While the foregoing is likely to have a bearing only on the most fortunate groups among underprivileged populations, it must be borne in mind that under-height and under-weight are not absolutely symptomatic of ill health, nutritional deficiency, or parasitic infection. 
d. Height and Weight at Maturity. Table I indicates the height of 
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Ran tu mine workers of 18---40 years (t he group on which we have most 
information ) to he little iuferior compared with corresponding whites of 
the same age group. 
T ABLE I 
HEIGH T OF 1fALE PoPU LAT!OX Gno UPS AT 1fATU RITY 
Observer 
Turner (1910) 
Walker ( 1954 ) 
Carlson ( 1942) 
Clements and 
Pickett ( 1952) 
Population group ~--- --· 
South African Bantu 
East Coast Bantu 
Transvaal Basuto 
Cape Province Bantu 
East Coast Bantu 
Transvaal Basuto 
Cape Province Bantu 
United States Army 
Recruits 






















Additionally, we have found smaller groups of rural Pedi and Tswana 
Bantu males, 20-40 years, to have mean heights of 65 .5 and 66.25 inches, 
respectively. 
Regarding Bantu women, data are very inadequate. Small groups ( 100 
or so) of Pedi and Tswana Bantu women, 20-45 years, were found to 
have mean heights of 60.5 and 61.5 inches, respectively. The mean height 
of Dundee mothers in poor economic circumstances studied in 1920 was 
60.94 inches ( Paton and Findlay, 1926). In the investigation of Kahn 
and Freedman ( 1959) the mean height of the privileged group of Bantu 
mothers was 62.3 inches, which is closely similar to that of Canadian 
women, 20-40 years, namely, 62.7 inches, reported by Le Riche and 
Pett ( 1955). Within the limitations of the studies cited, neither Bantu 
men nor women appear to be markedly inferior in height to white subjects. 
Turning now to the parasitic aspect-in reference to Table I, "East 
Coast Bantu" subjects from Mo\ambique carry a far higher parasitic load 
compared with Bantu from the highveld (Beuchat, 1952). The white 
male groups cited presumably carried minimal parasitic loads. Yet the 
average height of the various male groups given is of the same order. 
Whereas parasitism, if severe, undoubtedly modifies rate of growth, it is 
questioned whether parasitism militates against attainment of ultimate 
height at maturity. The foregoing implies that the latter criterion may 
not be used as an index of severity of parasitism. The implication, of 
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course, refers to population groups only. and not to the constituent 
individuals. 
B. CEJ{T.\l!\ ::\11LESTOXES OF DE\'ELOPMENT OF BANTU 
1. Psyclzo111otor Dwuelop111cnt in Very Y 01ing Children 
At Kampala, Cganda, GeLer and Dean ( 1957) reported that newborn 
Bantu children are at a more advanced state of development, judged by 
the criteria used, compared with normal white children. Much of the 
activity corresponds to an age of 4--8 weeks. In further studies on the 
psychomotor development of older Bantu children, these workers found 
that up to the age of about 3 years, development is usually in advance of 
white standards, the degree of advance being greater in the youngest 
children. These findings are not unexpected, because observations on 
Bantu children in the first year of life have already shown that the 
accepted "milestones" of development-raising the head, standing, walking, 
and so on-are passed at an earlier age than in white children. Un-
published observations of the same character have been made on Bantu 
infants in Johannesburg. Inhabitants of Uganda are heavily parasitized, 
and in the latter region, lightly parasitized. It is questioned, therefore, 
whether parasitism in mothers, or in very young children, has a modifying 
influence on the psychomotor development of the latter. 
2. lJ1 enarche 
Kark (1943) studied 1938 Bantu schoolgirls from four different rural 
areas in South Africa in relation to whether or not menstruation had 
commenced. In all groups investigated, no girls had commenced men-
struating before 13 years. when only one girl had started. At 15 years, 
40.5% of the girls were having menses; at 16 the majority (80%) had 
started, while it was only at 19 years of age that all the girls were men-
struating. Kark discussed certain possible factors influencing menarche 
age, namely, nutritional state, disease, and climate; she considered 
physique and health to be important influencing factors, noting that in the 
groups studied, the menarche occurred a year earlier in areas of improved 
compared with less satisfactory nutrition. The latter conclusion agrees 
with various data given by Mills ( 1937), who noted, inter alia, that in 
Norway between 1868 and 1935, the mean age of onset declined from 
16.1 to 14.5 years, a change undoubtedly related to improved standards of 
health and physique. In a recent unpublished study on 1000 girls in a 
Johannesburg Bantu township, Oettle and Higginson obtained a mean 
figure of 14.8 years. A current figure for British girls is 13.5 years 
(\Vilson and Sutherland, 1953). To throw further light on the possibilities 
1:-S:l·Ll E:\l E (IF l'.\R.\~IT I S~I ,>'. ,\S"lcl TS OF II L \I , Ji 
]; 
of using this critl riC>n ( time oi 011,d of n1t·11~l'~) a~ an i11dl',: ,,f 11t1tritio11:il 
statr . l ll'ttk had ini tiated bn,:-,· scale :--tlldi,·~ 011 Ba11t11 ~d1,,ul~irb in 
~e,Tral r\'gin11s . 1:y j udic iouc, ;-t kction , ,f po]'11 lat iu11 gnn1ps. it ,Luu Id 
certain!) Ill' l'(l~ ,il,l,· t(, determine to \,·hat e"'tc11t the OJhlt oi 11•en"l'S is 
inhibited in regions ,,f s1111il.tr fn.,d resources and consumptiu11. hut yarying 
gros,-ly in parasitic load. 
C. f'lJ\SI Ql'L .\\I) 1'11\SIC\L l'l'RFlilDI.\:,;('E 
1. Children at Pla_v 
Bantu school children at play appear to he more actiw than their white 
counterparts. In Hechuanala11rl, ~quires ( 1 (J-l9) considers that the general 
picture of Yit:i.lity ,·;1ries from school to schnnl. and hro:irlly correhtes with
 
nutritional st:ite. \\'e have re:i.chcd the same conch1,-io11 after obsening
 
Bantu school children in a m1111ber oi rC'gion,. Oh,ervations of the type
 
described, admittedly highly subject in• and nccl'ssitating a single observer,
 
may well he useful in assessment oi status in health suneys. The critrrion,
 
ho\\'eYer, may not lie of ya]ue among groups of ,,·hite children. since
 
inhibition of spontaneous actiYity is belin·ed to increase ,,·ith i11creasing
 
income. In a limited number of studies among school children in different 
regions, comparison of parasites in stools and urines of "loafers'' with
 
the most actiYe of children re,·ealed no consistent correlation bet ,,·een level
 
of activity and parasite load. 
2. Physical Prowess at T,Vor/;: 
In tribal life, it is usual for females to do the harder work-cultivating, 
weeding, fetching of water and fuel, "stamping" or grinding of cereals,
 
and other household tasks. l\1en are concerned primarily with hut building,
 
overseeing of the cattle, ploughing. and sowing. Although Bantu males
 
pursue a more actiYe life than white males, the former are not character-
istically hard workers. Nevertheless, under conditions where heavy manual
 
\\'Ork is required, as for example with J3antu mine workers, their capacity,
 
even without training, appears to be in acJyance of that of similar white
 
workers (Wyndham, 1960). No comparison has yet been made between 
the performance of Bantu workers from regions of heavy as against light
 
parasitization. 
3. Motor Fitness 
(a) School children: Le Riche et al. (1953) carried out studies using 
the Harvard Step Test on Bantu boys at a local institution for young
 
delinquents. They found 90% to be in the "good, excellent, or superior" 
classes in comparison with 30% noted in a corresponding study on 
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American pri\'ate school boys. We have carried out further similar 
stuuics on rural Bantu children, reaching the same conclusion. 
( L) Bantu young men: Working with Bantu mine workers, Morrison 
and Strydom ( 1957) found that the performance of mining recruits 
compared with white students entering the University of Illinois (Cureton, 
1947) were closely similar. The following mean scores for Bantu and 
whites were obtained: "Chinning," 8.55 and 9.81; "Dipping," 7.79 and 
10.67; running the mile, 7.17 and 7.11 minutes; and for "push-ups," 15.62 
and 16.49, respectively. 
(c) Older s11bjects: In an unpublished study, Dr. P. J. Kloppers and 
associated workers have investigated Harvard Step Test performance by 
Bantu and \\·hite prisoners (Jong-term) at Pretoria Gaol. Everyday 
activity in the racial groups differed little, yet the Bantu showed significant 
superiority in performance. 
This racial superiority of physical performance on the part of the 
groups cited, together with the previously mentioned anomalous results 
of step test performance of Bantu children with and without bilharzia, 
reveal a confused situation which stands in urgent need of clarification. 
Determination of the physical performance of population groups on much 
the same nutritional plane, but with a diversity of parasitic loads, must 
essentially form an important part of any research project bearing on the 
influence of parasitism. 
From the foregoing sections, it will have been apparent that whereas 
certain aspects of physique in the Bantu, like rate of growth, undoubtedly 
are affected by parasitism, there is far less certainty regarding other 
aspects, such as height at maturity. Careful investigation is surely needed, 
therefore, in regions differing in parasitism and nutrition to throw light 
on which aspects of physique are best indices of the adverse effects of 
parasitism. 
IV. Nutritional Deficiency Stigmata 
In enquiring into the production or exacerbation of nutritional deficiency 
stigmata by parasites, it is necessary to bear in mind that "except in the 
case of a few individual nutrients, the better the host's diet, the poorer is 
the state of the parasites. Conversely, again with a few exceptions, it is 
the host with the poor diet and in a low state of nutritional health who 
harbours the most prosperous parasites" (Smith, 1955). In other words, 
it is the backward populations in the world, subsisting on inferior diets, 
with all attendant variables, who are most likely to suffer from adverse 
effects of parasites. 
In relation to the protein situation, the results of numerous nitrogen 
~ I :s; I· LL' I·.:,, n~ UF l'.\IU~ IT I:-;~! (J:-i .\Sl·L<.: r~ l l F If E .\l.TII 
]l) 
lialance im·estigatiuns un iar111 a11d bb,Jratory a:1in1;tl~ indicate
 that those 
iniected with intestinal hehninths dcri\·e le:,:, \'alue from th
eir dietary 
intake than tlio~e uniniected ( 1Iunter, 1953 ). ln humans, 
hmn:\·er, 
finding:, are not consi:,tent. Thu~, \. enkatachalam and l'atw<.ird
han ( 19_;3) 
found that the excretion of nitrogen almost haln~d when Indi
an children 
with hea\'y loads of ,lscaris were effecti\·ely dl\rnnned. Bray (19
53), 
however, did not confirm this observation whell studying m
alnourished 
Ga111bian children with ancylostomiasis and a,,cariasis. Obviou
sly, further 
investigations of this type are urgently rey_uired. J elliffe ( 1953) believes 
that heavy ascariasis among infants may be a major contribu
tory cause 
of nutritional deficiency syndromes of the kwashiorkor typ
e in \ Vest 
:\ frican babies. 
In respect to stigmata oi vitamin deficiency, as far as one is 
aware, it 
has not been demonstrated that the course of rickets and osteo
rnalacia, or 
of scurvy, is affected by the presence or absence of parasites
, apart, of 
course, from changes in nutrient int.1kes consequent 011 imp
airment of 
appetite. Stig111ata of deficiency of members of vitamin B co
mplex have 
been shown to be aggravated by the presence of parasites-t
his having 
been demonstrated in the field studies of ::\IcGregor and Sm
ith ( 1952) 
previously described. The macrocytic 1i1egaloblastic anemia 
due to the 
fish tape worm, Diplzyllobothri11m latum, arising from comp
etition for 
vitamin B12 by both parasite and host, is well known. 
As far as one is aware, the only mineral element of major im
portance 
to nutrition whose deficiency may be caused or aggravated by
 parasitism 
is iron. The slight blood loss considered to occur in ascarias
is (Brown, 
1934) is still a matter for conjecture. But in schistosomiasis, s
tudy of the 
hematuria in severe S. haematobium infection in a group of Sou
th African 
Bantu mine workers revealed a mean blood loss of about 7 m
l per diem 
when observed over several days (Gerritsen et al., 1953). In S. 
111anso11i 
infection, marked blood loss appears to be uncommon (Wa
lker et al., 
1954a). Hookworm infection, of course, can be responsible for c
onsiderable 
blood loss; an early study from this laboratory using radio-iro
n indicated 
a mean loss of about 10 ml blood per diem from 3 Bantu min
e workers. 
Later studies by Foy et al. ( 1958) revealed mean blood loss
es of the 
order of 12 ml per diem occurring in heavy infections. The
se workers 
point out, however, that there are a number of anomalies in th
e situation; 
for example, there is a lack of correlation between incidence of
 hookworm 
and anemia in many of the surveys made in the past 20 years 
in different 
parts of the tropical world. 
It will be readily apparent that among underprivileged pop
ulations, 
much further work remains to be undertaken before a clear 
picture can 
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emerge of the bearing of parasitism on tlie causation or aggravation of 
malnutritional stigmata. 
V. Discussion 
There can, of course, be no doubt about the magnitude and importance 
of the subject under discussion. According to Stoll ( 1947), throughout 
the \\'Orld humans iniected by worms exceed two billion; of that number, 
three parasites-ascaris, hookworm, and trichuris-account for almost 
three quarters of all helrninthic infections ( Stoll, 1957). Actual death 
rates from worm infection vary according to the region. De Silva et al. 
( 1953) in Ceylon consider that Ascaris causes the highest fatality rate of 
any intestinal parasite, hookworm coming second. As a cause of death 
( although not of morbidity), schistosorniasis, as it occurs in the Union of 
South Africa, is not a problem (Elsdon-Dew, 1958). 
It will have become abundantly apparent that the difficulties described 
by earlier writers as impeding assessment of the handicap imposed by 
parasitism on nutritional state, or on total health picture, have not been 
exaggerated. As will have been appreciated, and recently underlined 
by Platt ( 1958), the major drawback to elucidation is the fact that various 
noxious influencing factors, singly or in combination, may yield much the 
same ill health syndrome. Thus, malaise, coated tongue, hebetude, easy 
fatiguability, loss of power of concentration, and delayed reaction time of 
the special senses are among the many features attributable, in either the 
presence or absence of parasites, to chronic malnutrition; equally, these 
signs and symptoms are features of chronic constipation as it occurs in 
·western populations ( McLester and Darby, 1952). Not infrequently, 
ascariasis is accompanied by poor digestion of food and diarrhea, and at 
times an acute inflammation of the bowel ; these phenomena may arise not 
only from other zymotic diseases, but from certain types of grossly un-
satisfactory diet, at least among the very young. According to Smith 
( 1955) "the microcytic, hypochromic anaemia of ancylostomiasis is 
primarily an iron deficiency anaemia .... It differs in no way from the 
anaemia produced by dietary iron depletion or repeated haemorrhage and 
can be largely cured, and rendered completely orthochromic, by the 
administration of additional iron without the removal of parasites." Many 
other examples illustrative of ambiguity of etiology could be cited. 
In a subject like the present one, the caution urged long ago by Virchow 
( 1847) is singularly apposite. "How then can one with certainty deter-
mine which of two consecutive phenomena is cause and which effect, 
and whether either is in fact cause and both not simultaneously effects of 
a third factor, or indeed, that each is not the effect of two quite distinct 
causes?" 
J:\i·IXE:\lE (JF l'.\H.\SITIS\l 0:\ ASl'ECTS lJF 111..\1.TJ! 21 
\\'hat ;,.re the pro~pects of claril°1cation that lil' alu-:,d :' L'11rloubte<lly, 
all avenues of apprnach 11ill co11tri!n1tt i11ior111atir111 c,i valut. But i11 the 
final instance, it is necessary to cu11ct11tnte pri111.trily 011 malnourished 
populatiu11s with their almost ubiquitous parasitic load~. As already 
indicated, real progress is I ikel y to co111l' prim:ui I y from long-term studies 
with adequate co11trols, i11 which the 1·ariables of the contexts are altered 
singly. lt will be apparent that se1-cral representativt regions 11·ill need 
to be studied, due to differences in lx1sic nutritiu11al backgrounds. Thus, 
the parasitic handicap i11 regio11s 11·here cereals are the pre<lo111ina11t source 
of energy is likely to be of kss 111on1e11t tha11 among populations subsisting 
on less nourishing roots and tubers. The parasitic handicap from hook-
worm infectio11 obviously will be more severe in Uganda, for example, 
compared to Zululand where the indigenous population are habituated to 
an excessively high iron intake ( \ \'alker and Arvidsson, 1953). 
In a paper of the present character, it is all too easy unintentionally to 
simplify the problem under discussion. Most aspects have been dealt 
with briefly, indeed, superficially. The term parasitism has been restricted 
primarily to consideration of helminthiasis, which in turn has been 
limited chiefly to ascariasis, bilharziasis, and ancylostomiasis, as they 
occur and affect the Bantu of South Africa. It is hoped, however, that 
the avenues of approach described, and the physiological and other criteria 
considered as likely to be affected by parasites will be applicable to, or 
at least have a bearing on, situations throughout the ,vorld where parasi-
tism is a serious public health problem. 
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PART II. STUDIES BEARING ON CALCIUM INTAKE, METABOLISM AND 
DEFICIENCY IN TI-IE BANTU. 
1. INTRODUCfION. 
Although enormous progress has been made in the science of 
nutrition during the present century, there is still considerable 
uncertainty over the minimum physiological requirements of many 
nutrients. This applies especially to calcium. South Africa is a 
very suitable country for investigating the effect of low calcium 
intakes, since there are two populations available for study, Bantu 
and 'ivhi te, who are habituated to low and high calcium intakes, 
r espectively . There are, of course, other differences; dietary and 
non-di etary, bet ween the two populations. 
2. RECXlMMENDED ALLOWANCES OF CALCIUM. 
Until r ecently, dietary standards bodies in most countries 
fd1 ... J. ... lrs. 
recommended a calcium intake of 800 - lCXX) mg. per diemA In South 
Africa, in 1956, the relevant Committee (of which the writer was a 
member) concurred, while r ecognizing inadequacies in the available 
·ct 24 ev1 ence. The Expert Committee for "Calcium Requirements" (of 
which the writer was also a member) set up by F.A.O./W.H.O. (1961) 
considered that in the virtual absence of evidence to the contrary, 
r e commended intakes for adults could be scaled down to 4CX) - 600 mg. 
d
. 25 per Hm. All standards committees have recognized that a large 
proportion of the world's population ingest l ess, often considerably 
l ess, than current recommended allowances of calcium. 
3 . DIET AND CALCIUM INTAKE OF TI-IE BANTU. 
Th e South African White population eats similarly to that 
in Britain, United States, and like countries. The diet includes 
pl ent eous calori es, with high intakes of protein, fat, and calcium . 
Speaking ver~ generally, the di et of the Bantu13 
(excluding that of weaned infants and very young children) is probably 
adequate in calori es and gr oss protein, low in animal protein and fat , and 
high in carbohydrat€ . It is low in calcium, but high in phosphorus, with an 
34. 
milligrams of the element eer diem. One research group has suggested 
that the inferior height of children in the tropics and semi-tropics 
may be due, in part, to this cause. In seeking to throw light on 
the problem, the writer investigated groups Gf Bantu children, 
consuming similar diets, although dwelling in hot and cooler regions. 
It was found thatthey grow at roughly similar rates.
30 
Hence, th e 
points raised, (i) and (ii), in so far as practical nutrition is 
concerned, may wel 1 be unimportant ..... 'c\,._ ~o,u..\,._\',on ~~0 .... ~ t.o'I\C"-'""'A. 
Ille calcium situation in Bantu women is prejudiced, of course, 
by multiple pregnancies and long lactations. 27 
4. CALCIUM DEFICIENCY STIGMATA 
The main difficulty confronting attempts to elucidate the 
del et erious eff ect of a low calcium intake is that the ill-effects 
of calcium deficiency have not been defined. 25 When a diet is very 
low in calories, or in certain single dietary components, such as 
protein, iron, iodine, and the vitamins, the stigmata resulting are 
predictable, and remediable broadly by treatment with the respective 
t . t 31 nu r1en s. But this does not apply to calcium whose clinical and 
th 1 . 1 t· t t k ·th t · t 25 pa o og1ca s 1gma a are no nown w1 cer a1n y. 
Cl,. 
In enquiring into the ill-effects of~low calcium intake 
it is considered that the best approach lies in studying the integrity 
of the various physiological processes in which the element is involved. 
Accordingly, during a period of many years, studies have been carried 
out in the following respects:- Rate of growth; calcium concentration 
of breast milk; composition of bone (ribs and vertebral bodies), 
arterial tissue and serum; the prevalences of rickets, osteomalacia, 
osteoporosis, and dental caries. These studies will now be mentioned 
briefly. 
5. RATE OF GROwm. 
In inter-racial studies, quite apart from differences in 
calcium intake, there are so many other factors, dietary and non-
die:tary, which influtonce growth, that no firm conclusions on the 
31~ 
rolt of calcium intake can be reached. The following points, however, 
35 
ar€ dE~msd of importancE:-
(i) Bantu habiE.s whEn wholly br€ast fEd for thE first six months 
grow as rapidly, somEtimES mon rapidly, than WhitE babiEs. 
In explanation, as alrEady indicated , Bantu breast milk has 
much th€ samE avErage composition as that from '.' /hi tE mothers 
in respect of thE major nutriEnts; morEover, most Bantu 
mothers lactate profusEly. 
(ii) ~hile undEr-privilEgEd childrEn grow less rapidly than 
bettEr-class childrEn, whEther WhitE or Non-White, it is 
questioned whether slower growth in othErwise outwardly 
healthy children is necessarily de1Eterio0s. 14 WE havE 
found, as Expected, a more rapid growth in Bantu children 
. th . . . · 1 1 16 w1 rise 1n soc10-econom1c EVE . WE. ha~J al so found 
that good growth~ take place in spit£ of an inferior 
L;"' the. o"l\::\.,oi,.J( s~,nsc:.) 15 
dietAand heavy parasitic loads. 
(iii) Adults in under-privilEged communities usually are shorter 
' th th . 't' 14 an ose 1n prospErous commun1 1es. But again therE 
appEars to bE no evidence either that thE infErior height 
3lG. attained is due specifically to a lower intakE of calcium, 
or that among othErwisE hEalthy adults shorter stature 
is prEjudicial to thE Enjoyment of good health and 
' wE 11-be ing. 
6. CALCIUM CONCENTRATION IN TOTAL BODY AND IN BIOLOGICAL 
COMPONENTS. 
(i) Percentage of calcium in total body. 
We have no data on total body calcium in th€ Bantu. 
In balance observations carried out on under-privilEgEd 
persons habituated to a low calcium intake, subjEcts usually are 
found to be approximatEl y in balancE. This situation is accomplished 
by means of a higher apparent percEntage absorption, and a lower 
urinary Excretion of calcium, compared with subjects accustomEd to much 
highsr intakes. WE havE obtained confirmatory evidence of this type 
from mineral salt balance studies on Bantu prisonErs. 32 HowEVEr, 
even when allowing for thE usually smallEr frames of low calcium '"'"!c.v\7(:v\•.i~l 
consumers, it is probablE that they havE a lower percentage of calcium 
36. 
in thEir bodies. Arithmetically, it seems unlikely that the Bantu, 
from their meagre calcium intakes, have the same opportunity for 
accretions of bone comparEd with, say, thE White subjEcts studied by 
Malm. Furthermore, in somEwhat crudE studies, in which comparison was 
rnadE of bonE density of arm and wrist of Bantu and White subjects on the 
same X-ray plate, we found that Bantu bones are thinner than those of 
... .. ~ ..... 1 
~hites. Possibly. 1this phenomenon may have a genetic origin, since 
thinness was also noted in bones of bEtter class Bantu. 14 Further 
and morE detailed studies on this aspect are needed. Notwithstanding, 
it would seem that a lower concentration of total calcium in the body 
nEed not be deletErious: almost undoubtedly a lower concentration 
obtains with elderly Bantu mothers. 
(ii) Composition of breast milk. 
Investigations in Africa, India, and elsewhere, 
have shown that a low calcium intake does not necessarily lower the 
concentration of calcium in breast milk. As noted previously, we 
have found that milk from Bantu mothers has virtually the same calcium 
concentration as that from White mothers. 1 •2 
(iii) Studies on bone. 
(a) Composition of bones: ribs and vErtEbral bodies. 
Our investigations (with Dr. J. Higginson) on ribs 
(5th) from Bantu and White subjects (infants, children, adults) revealed 
normal histology, and no significant differences in mineral salt 
composition (ash, calcium, phosphorus) of the dried, defatttd (and 
occasionally de-marrowed) bones. 33 •34 The observations made are in 
harmony with those of Nicholls and Nimalasuriya (1939) who found very 
little difference in thE percentagE of calcium in bones (tibia and femur) 
from Singalese and ~\1hite subjects. ThE studies on vertebral bodies 
(5th. thoracic) from Bantu and White subjects revealed that in 
bodies from the former, there was slightly greater mineral ~atter 
per unit of both dry weight and volume, and more calcium per unit volume 
of bone ash.
35 
In agreEment with this observation, bones from 
U.S.A. Negroes have been found to be denser than those of Whites. 
The scope of our investigations on bone composition and density 
.the 
have not been exhaustive, but in/respects indicated it would seem that 
37. 
low consum€rs of calcium ar€ not at a disadvantage. 
(b) Integrity of bone: Miscellaneous considerations. 
There is no evidence, locally (or el~ewhere 
so far as the writer is aware), that low calcium consumers have 
bones of inferior strengthf;compared with high consumers. (1) In 
the Transvaal, our studies on school-children of different racial 
groups (Bantu, Indian and V~ite) have not revealed significant 
differences in the prevalence and anatomical distribution of fractures 
32 of long bones. (2) In the South African gold mines, where about 
a third of a million Bantu mine-labourers from different regions are 
employed, physicians of long standing aver that Bantu workers under 
physical stress are not more liable to fracture their limbs compared 
with VJhites; moreover, physicians have the impression that for similar 
injuries, e.g. broken arm or leg, lesions in Bantu possibly heal more 
·d1 36 rap1 y. (3) A report from Central Africa indicates that African 
adults subjected to electro-convulsive therapy experience about half 
the frequency of fractures of limbs compared with White subjects; 
the explanation of this difference, however, is not known. 
(4) Examination of cross-sections of vertebral bodies reveal that, in 
general, the trabecular framework is more profuse, although thinner, 
in Bantu compared with Whites. M€chanical tests, in which the force 
required to crush ~ertebral bodies was measured, have yielded 
variable results, although, broadly, no difference was apparent between 
the findings on Bantu and White bones. 
{c) Rickets and Osteomalacia. 
It is often assumEd that a low intak€ of calcium 
causes or promotes th€ occurrEnce of rickets; an examination of 
evidencE, however, failed to substantiatE this view. 37 In tropical 
and sEmi-tropical countries, and evEn in tempErate regions, it would 
with cErtain exceptions, -
seem that/provided full advantage be taken of available radiation, 
) 
8 rickets is not a problem. Yet, whEO full advantage is not taken, 
rickets may be common and severe, even where sunlight is plentiful. 
Thus, rickets has been reported to occur in crowded urban centr6S in 
India, Nigeria, South Africa, and elsewhere. 8 Locally, in Johannesburg, 
38. 
rickets is cormnoo , sotll€times sever€lY!.so , in B,3n tu children under 
two years; but among rural Bantu, dESpite an equally low intake 
8 of calcium , we have noted that rickets rarely is seen. Regarding 
adult rickets or osteomalacia, it has been shown both in India and 
China, that the disease is closely associated with insufficient 
exposure to sunlight, rather than with a low calcium intake. Among 
the Bantu of Southern Africa, no case of osteomalacia appears to have 
8 36 37 been reported. ' ' 
(d) Osteoporosis 
In Western countries, in a number of recent 
reports, it has been concluded that osteoporosis primarily affects 
low consumers of calcium , also subjects who absorb calcium poorly. 
In Southern Africa, osteoporosis among under-privileged peoples has 
been insufficiently studied. 
bit~ .l..'.&-L--64t. :o 
Nevertheless, i:-t-+5/.. scarcely, or not 
at all mentioned in text books of medicine on the African. In 
Johannesburg, in certain Bantu, genGralised osteoporosis with 
collapse of vertebrae has been noted. But the disease occurs (1) 
almost exclusively in males; (2) chiefly in those under 60 years; 
(3) usually in association with siderosis, and (4) often in association 
with scurvy. 2resumably, osteoporosis, as thus depicted, is a special 
environmental phenomenon. A detailed examination of the subject of 
osteoporosis and calcium deficiency suggests (1) that a low calcium 
intake per se does not cause or promote the development of osteoporosis; 
and (2) that a racial factor may well be involvect. 27 Senile and post-
-<...&\>H ~·.._({';) ft wo.\~ '1 
menopausal osteoporosis should be ubiquitous in elderly Bantu f this 
27 does not appear to be the case. Hence, osteoporosis, like so many 
C.0...VIV\OI=- 'c,4!_ other phenomena associated with ageing in western populations. 15 Be t 
"(,('\"'' ~.,li ~ \>I..;,.,.~ 
1'1J:lf/t~l:Lwi th the ageing process per se in man. 
38 
(e) Dental Caries 
The prevalence of dental caries among less 
privileged populations often is lower than among nutritionally more 
39. 
favoured populations. Nuffi€rou& studie.s havE shown that the 
possession of sound teeth is consistent with a low calcium intake. 
In studies on groups of rural Bantu children, we have found that 
about 10 per cent have carious teeth; in urban Bantu, the.proportion 
16 32 reaches 50 per cent or more; ' in local Vlhi tes, the proportion 
has been stated to be about 90 per cent. 
(iv) Calcium concentration in arterial tissue • 
., l.,le ·\~ 
In ~South African Bantu it has been shown that 
mean concentration of calcium in the aorta is much lower than that 
d · ~·t b" t 39 foun 1n ~;Ill € SU JEC s. Furthermore, it has been found that in 
aorta from Bantu and ~hites having equal pathological grading 
(naked eye assessment), the Bantu have a significantly lower calcium 
t t
. 39 concen ra 10n. The promoti\le ro1e of excessive calcification 
of aorta and possibly of other arteries in relation to coronary 
heart disease has not been defined; but if red~ced fat intake be 
recommended to reduce atheroma, then, logically, a lower calcium 
d l .k . 40 intake should be recommen ed 1 ew1se. 
(v) S~rum calcium concentration; Tetany 
In several studies, mean serum calcium level has 
been shown to be about 10 per cent lower in under-privileged compared 
. th t . t. 11 f d 1 t · 36 w1 nu r1 1ona y more avoure popu a ions. We have suggested 
that this lower value is influenced primarily by the lower calcium 
intake, and that the phenomenon is not necessarily pathogno;ic, no ,. 
more so than lower serum cholesterol or blood sugar levels in such 
people. There appears to be no evidence, however, that the simple 
addition of calcium salts to primitive diets will raise serum calcium 
level to that of "normal" Whites, al though the subject has not been 
intensively studied. To throw light on this aspect, we are 
determining serum calcium levels in Bantu population~ groups consuming 
similar diets but differing grossly in the calcium concentration of 
their drinking water. Among individuals in populations, whether 
White or Non-White, it is not known whether high or low serum calcium 
levels are associated with high or low intakes of the element. The 
40. 
finding of relatively lower serum calcium values in the Bantu enjoins 
caution over the intErpretation of laboratory data in population 
d . ff . . . t 41 groups 1 er1ng 1n race or env1rorunen. 
TEtany. 
This condition is not rare in severely malnourished 
Bantu infants. The causative factors are not clear, and further 
investigation is needed to determine to what extent, if any, low calcium 
intake is responsible. 
7. MISCELLANEOUS. 
(i) Urinary calculi. 
The occurrence of urinary calculi in Bantu is virtually 
42 
unknown. But such calculi are common among certain Indian 
populations who are also low consumers of the element. The role of 
level of intake of calcium in the aetiology of the condition has not 
been established. 
{ii} Gall stones. 
The prevalence of gall stones, and certainly of 
cholelithiasis, is far lower in Bantu compared with Whites. 40 Among 
populations consuming a pattern of diet resembling that of the Bantu, 
namely, European populations several genErations ago, also certain 
war-time populations, cholelithiasis was relatively low or became 
reduced. The bearing of calcium intake or of serum calcium levels 
on t he development of the condition is not known. 
(iii) Blood coagulation. 
Calcium plays an important r8le in blood coagulation. 
Exhaustive studies by Mersky et al . in Cape Town, however, failed to 
reveal significant differences in respect of several blood coagulation 
tests when comparing Bantu with White subjects. 
8. SUMMARY. 
Surnnari :zing, - the infonnation adduced on various 
physiological processes in which calcium, directly or indirectly, 
is involved, indicat~s that a low calcium intake is not necessarily 
prejudicial to the normal physiology and metabolism of the body. 43 
Trowell has stated that Muntil it can be demonstrated that the 
tissues of Africans suffer by reason of a low calcium content, 
it appears unwise to speak of deficiency." However, regarding 
White populations, knowledge is inadequate of the long-term 
41. 
effects of a low calcium intake in persons previously accustomed to a 
high intake, although war-time experience does not suggest that 
widespread unequivocal ill-effects are likely to ensue. 
The problem of how the Bantu (and similarly placed 
populations) manage to use their meagre calcium intake to such, 
apparently, good effect, may be explained by the mechanism referred to, 
namely, by increased absorption and decreased urinary excretion, 
which together permit sufficient retention of the element to occur for 
normal physiological processes. 
9. SUGGESTIONS FOR FURTHER RESEARCH. 
(i) Endeavours must be made to intensify the carrying out of 
growth studies on population groups of similar nutritional status but 
habituated to the consumption of drinking water of widely different 
calcium concentration. This is certainly possible in South Africa. 
(ii) Clarification is required on whether low consumers of 
calcium do indEed have a lower percentage of calcium per total 
body compared with ,high consumers. It would seem especially desirable 
to secure this information on under-privileged populations, especially 
mothers, whose diet and manner of life are beset by numerous known 
nutritional handicaps. 
will be difficult. 
The obtaining of such information, of course, 
(iii) It is desirable to undertake further studies of bone 
density and composition in different populations, Bantu and White, 
and in groups of subjects from extremes of socio-economic levels, 
with special reference to children, pregnant and long-lactating women, 
and, especially elderly subjects. 
(iv) It is needful to carry out long-term studies in different 
l:;nt ~)(\-.,_~t l:i~ _.V\;._\.i 
racial groups to determine 'l'ffletfl€~ low consumers or poor absorb€rs 
of calcium are significantly more prone to dev€lop osteoporosis compared 
42. 
with nutritionally more favouI'€d individuals. In thE Ea&t and Far East, 
it is desirable to determine to what extent a low calcium intake 
inflU€nces th€ developmGnt of osteomalacia. 
(v) Further study is required on the degree and significance 
of calcification of arteries, in particular, of aorta, coronary and 
cerebral vessels, in different population groups. 
(vi) In ethnically "pure" populations, providing that great 
extremes of rich and poor are found, it would seem desirable to determine 
serum calcium levels, protein fractionation patterns, and levels of 
other biochemical components, to throw dlv-:€ light on the factors 
influencing or associated with low serum calcium levels. The 
population groups in mind would include prosperous Bantu traders and 
indigent Bantu peasants, poorer Indians in India and Indian immigrants 
to South Africa, also affluent South African vVhites and "£oar Whites". 
43. 
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lOS S . A. M E D ICAL JO URNAL 4 February 1956 
~ATIONAL NUTRITION COUNCIL 
RECOMMENDED MINIMUM DAILY DIETARY STANDARDS 
COMPILED BY THE DIETARY STANDARDS COMMITTEE OF THE COUNCIL 
I In 1935, the League of Nations1 made the first attempts to 
Jctint man·s ctaily requirements of specific nutrients in quantitative 
t<.:rfl1S The Committee on Fo0ds and Nutrition of the United 
S:ates :--..~tional Research Council published a much more detailed 
t.iblc m I 941 which was adapted to South African conditions 
h~ t'le ;-...,1!1onal Nutrition Council in the following year. The 
American figures were revised in I 945. J 948 and again in 1953. 
In 195> the National Nutrition Council of South Africa decided 
to r.::\ 1s.:: i•s own standards and in the present report the exis'ing 
f..no\,kdg.:: of the subject is applied to the somewhat unm.ual 
circumstances of a country with a mixed population that varies 
great!~ m its die,ary habits and occupations. 
Lristin!{ Standard~ 
~- The Dietary Stanctards of the Food and Nutrition Board of 
th.: National Research Council (NRC) of the USA are recom-
mendations and not requirements 'since they represent, not merely 
·minimal needs of a,erage persons, but nutrient levels selected to 
co,er individual variations in a substantial majority of the popula-
tion. . . . The nutritive intakes rewmmended are, in general, 
high.::r than the a,eragc requirements and lower than the amounts 
which may be needed in pathelogic states or in rehabilitation 
following depletion'. 2 
3. The figures given by the Committee on Nutrition of the 
British Medical Association, 19503 arc intended to be adequate 
for the maintenance of a good nutritional standard for healthy 
persons. These standards also do not make provis10n for sickness 
or convalescence. 
4. The standards of the Canadian Council on Nutrition (1950) 
are even lower than the British, and sen e as a has is for deter-
mining food supplies of groups, and can also be used for judging 
the adequacy of the food intake of indi,iduals, or groups. 'They 
also indicate a nutritional floor beneath which maintenance of 
health in people cannot be assumed'.' 
5. In 1950 a Committee of the Food and Agriculture Organiza-
tion FAO recommended methods that may be followed in assessing 
calori.:: requirements. Their rccomm.::ndations arc designed for 
application to countri.es or groups within countries. It is em-
phasized that the recommendations are not directly applicable 
to indi\iduals and, e,en whrn applied to groups, local circum-
stances must he considered. The Committee considered require-
ments at the 'physiological level'; their recommendations represent 
the needs of healthy individuals and are 'set at such levels as to 
make possible an active life and a high degree of productivity in 
occupational pursuits'. They arc based on a 'reference' man 
(\~eight 1'5 kg., 143 lb.) and woman (weight 55 kg., 121 lb.), aged 
25 vears living at a mean external annual temperature of t0°C 
(50 F). Suggestions are made for calculating the requirements 
of mdividuals differing from the 'reference' in respect of body 
size, age, activity and environmental temperature." 
General Principles 
6. There is no evidence of racial differences in the requirements 
or nutrients; consequently no distinction between the standards 
proposed for Whites and non-Whites has b.::en made in the table. 
7 fhe nutrient requirements of individuals are influenced by 
sex, age, activity,.ideal weight and other factors. If actual weight 
be taken as the basis. a corpulent person mil gain weight ov.mg 
to the higher calorie-allowance provided, whereas the needs of 
an underweight person will not be adequately met. If ideal weight 
for height, activity or body surface could be used as the criterion. 
the calorie requirements could be assessed more accurately; 
unfortunately adequate data for South Africa in this respect are 
lacking. 
8. The close relationship or interaction of the different nutrients 
is a subject of much research. The intake of one nutrient probably 
affects the requirements of others. Thus the thiamin requirement 
is determined hy the calorie content of the diet; both folacin 
and vitamm Ba play a part in the synthesis of choline, which is 
essential for the maintenance of li,cr morphology and function; 
vitamin D promotes the absorption and metabolism of calcium: 
a deficiency of ni:lcin occurs particularly in diets low in complete 
proteins~such proteins provide the essential amino acid trypto-
phane, which is a niacin precursor. 
UJe and Limit:ition of Dietary Standards 
9. It is most important to remember that dietary standards 
cannot be used as the only criterion for judging the nutritional 
state oi a person or group, and that failure to comply with these 
standards will not necessarily lead to deficiency diseases. 
JO. In this connection the following quotations are of interest: 
'Inasmuch as many persons who receive less than the recom-
mended allowance of one or another nutrient may remain in 
health through long periods, it becomes apparent that these 
allowances are not to be used as the sole criterion for judging the 
state of nutrition of any population.'• 
'If these allowances are used in dietary evaluation, it is essential 
to appreciate that, while most persons whose consumption equals 
or exceeds the goals are presumably adequately nourished. not 
all persons who fail to reach these goals are malnourished.'• 
'It is important that standards should be correctly applied 
and their limitations recognized. In the past some of the ·con-
clusions drawn from the comparison of nutrition intake levels 
with the dietary· standards have been far from valid. If the results 
of a dietary survey show that the diet has a very low calorie con-
tent, the conclusion that the group in question is suffering from 
undernutrition is perhaps a legitimate one. But the fact that the 
intake of certain n11trients falls oelow some recommended allow-
ance' does n0t justify the conclusion that a proportion of any 
group surveyed is suffering from malnutrition. In such circum-
stances the possible rresence of malnutrition may be inferred, 
but tht dietary survey per se provides no evidence of its existence. 
The value of the information is that it indicates where further 
mvcstigation may he needed and which dietary defects need most 
consideration in food and nutrition programmes.' 7 
Proposed Dietarv Standards for Sollth Africa 
I J. Tht: stand~rds proposed here should be regarded as ade-
quate for the maintenance of health wJthou• allowing for a safety 
margin for ill-health. or for great individual differences in absorp-
tion and metabolism. The physical changes of the normal body 
wtth age and activit:,, have been taken into consideration; for 
example, from the age or 10 year~ the requirements of boys and 
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girls are considered separately, because of differences in weight, usually occurs but with certain methods of cooking, e.g. broiling 
and roasting much lo~s of fat may occur. Mii:ieral salt~, e.~. activity and earlier changes in girls than in boys. 
12. The figures given are for nutrients in foods as consumed calcium, can be leached out of vegetables dunng cookmg m 
water. The losses in vitamins may be very high, especially of and do not allow for losses during trans(lort, storage, preparation 
or serving. Little is known regarding the extent of these losses. ascorbic acid. Figures from the literature show the following 
average losses in vegetables during cooking, depending on the It is probable that little or no loss of protein or carbohydrate 
:( TABLE l°tl- RECOMMENDED MlNIMUl\.f DAILY DIETARY STANDARDS 
Riboffai•in Niacin Ascorbic 
Calories Protein Calcium Iron Vit. A Thiambz (o) (q) Acid 
(a) g. g . mg. I .U. mg. mg. mg. mg. 
Man (average weight 
160 lb.) 
Moderately active 3,000 65 0 · 7 9 4,000 (k) I ·O I ·6 15 40 
Sedentary Worker 2,300 65 0 · 7 9 4,000 (k) 0 · 8 I ·6 12 40 
Heavy Worker . . 4,500 65 0 ·7 9 4,000 (k) I ·6 l · 6 18 40 
Woman (average weight 
130 lb.) 
Moderately active 2,300 55 0·6 12 4,000 (k) 0 ·8 1·4 12 40 
Sedentary Worker 2,000 55 0 · 6 12 4,000 (k) 0 · 7 I ·4 II 40 
Heavy worker .. 2,800 (b) 55 0·6 12 4,000 (k) I ·O (b) I ·4 15 (b) 40 
Pregnancy, last trime-
ster .. (c) 
Moderately active 2,600 80 (g) I ·5 15 5,000 (/) 0 ·9 2 ·0 14 55 
Sedentary worker 2,200 80 (g) l · 5 15 5,000 (/) 0 ·9 2 ·0 13 55 
Heavy worker 3,200 80 (g) 1·5 15 5,000 (/) l·I 2·0 15 55 
Lactation (ti) 80 (g) (i) 15 6,000 (/) (11) (p) 15 55 
Children 
0-3 months 55 cal/lb. 1 · 6 g/ lb. (h) 0·8 (j) 6 (h) 1,500 (m) 0·2 O· 5 (h) 2 (,) 20 (s) 
4-9 months 50 cal/lb. I· 6 g/ lb. (h) O· 8 (j) 6 (h) l,50J (m) 0·3 0 ·8 (h) 4 25 (s) 
10-12 months 45 cal / lb. (e) 1 · 6 g/ lb. (h) 0·80) 6 (h) 1,500 (n,) 0·35 0·9 (h) 4 4 (s) 
1-3 years 1,100 40 0·6 7 2,000 (/) 0 ·4 1·0 6 40 
4-6 years 1,500 45 0·7 8 2,500 (/) 0 · 5 l·I 8 40 
7-10 years 1.900 55 0·8 10 3,000 ([) 0 · 7 1·4 10 40 
Girls 
10-12 years 2,400 (/) 70 I ·O 12 3,000 ([) l·O I ·8 12 40 
13-15 years 2,600 15 1 · 2 15 4,000 (/) l·I 1 ·9 15 40 
16-20 years 2,400 (b) 70 1 ·2 15 4,000 (/) I· 0 (b) I · 3 15 (b) 40 
------
Boys 
10-12 years 2,400 65 0·8 12 3,000 (/) I ·O I · 6 12 40 
13-15 years 3,000 75 I ·3 15 4,000 (/) I ·2 I ·9 15 40 
16-20 years 3,700 90 1 ·3 15 4,000 (/) 1 · 5 2· 3 15 40 
(a) Although a single figure is given in each instance, it must be regarded as an average around which there is an individual range. In 
any case the calorie allowance must be adjusted to the needs of the individual so as to achieve and maintain his desirable weight 
(see Table II). 
(b) In the case of female heavy workers, e.g. those working in the fields , this value may have to be appreciably increased. 
(c) The basal metabolic rate of the mother is not altered by pregnancy and the increased metabolic requirements are due to the foetus 
and increased weight of the mother. 
(d} Add 120 calories for each 100 ml. of milk produced. e.g. at I month the average milk production is about 700 ml. and allowance 
should be made for 840 calories. At 4 months production is about I litre and allowance should be made for 1,200 calories. 
(e) For groups under I year allow approximately 1,000 calories. 
(/) Allowance has been made for lesser activity compared with boys but this is balanced by greater need because puberty changes set in 
earlier. 
(g) An additional allowance of 25 g. is made both for pregnancy and full lactation; half of the allowance should be derived from animal 
sources. 
(h) The recommendation for infants pertain to protein, iron, etc. derived primarily from cow's milk or commercial milk-preparations. 
(i) Add 120 mg. calcium for each 100 ml. of milk produced; e.g. at 4 months the allowance would be l ·2 g. 
U) Where breast milk is not being used. 
(k) Assuming that I/3rd is present as vitamir A, or 5,000 I.U. if I / 5th is present as vitamin A. 
(/) Preferably I /3rd in each case as vitamin A. 
(m) There is evidence that the intake of v:tamin A from breast milk. though highly variable, is approximately 2,000 I. U. at 2 months and · 
2,500 l.U. at 4 months, but it is not yet established that these intakes are necessary. 
(n) Allow 0·4 mg. for each additional 1,000 calories-see (d). 
(o) See paragraph 26. 
(p) For full lactation the allowance should be 2·0 mg. riboflavin. 
(q) See paragraph 27. 
(r) This figure is based on the known concentration of niacin in breast milk and bearing in mind that pellagra amongst children reared 
entirely at the breast is unknown. 
'1) BJSed on the vitamin C concentration in breast milk. 
110 S.
A. MEDICAL JOURNAL 4
 February 1956 
TAIIIE 11. RELATIONSHIP BHWEEN CALORIE




































































































Reference woman: 130 lb. 
method employed .' The lo" figun.> is for waterless c
ook;r g and 
the high one \\hen the fo,,dstufT is c,wcrcd \\ith wat
er. ;-osses 
arc due to leaching (ribotb,in and niacin), actual 
destruction 











A,corbic acid 1, progressively destroyed by an oxidizin
g enzyme 
liberated in rn .111 ~ fruits and vegctahks after the) have b
een picked. 
It 1, thu, rnn,t desir,1hle that the in ten al between p
ic:king, pre-
paring and sc·n ing these product,; be as short as possib
le. 
13 lhe weight of the a,cragc South African man or w
oman is 
not krnmn, hut it has been decided to adopt the arbi
trary figure 
for the refm:nce man of 25 years of 150 lb. (71 kg.) 
and for the 
reference v.oman nf the same age. of 130 lh. ( 5() h.g.). 
Ad•ustments of caloric requirements for weights ot
her than 
tho,c of the reference man and \\Oman arc given in 
Table II. 
14. In the higher a11e-groups. especi.tllv when the oc
cupation 
is sedentary, the calorie intake from hoth carbohydr
ate and fat 
,ources can he reduced with advantage in order to prev
ent obesity 
and certain degenerative diseases, but the intake of oth
er nutrients 
should not be reduced. On the contrary, because the bo
dy changes 
from the anabolic to the catabolic state, the nutrient i
ntake other 
than carbohvdrate and fat mav wdl need to be incre
ased rather 
than decreased. . 
15. As is wrll known the requirements during pregnancy
 and 
lactation are higher than those for non-pregn,mt and n
nn-lactating 
women. In some instances (e.g. c,tlorie,, protein, ca
lcium) :t is 
possible to calculate the additional needs from the k
nown com-
position of the products of conception or of breast m
ilk. In the 
case of many other nutrients. little is known of their rc
·quircments, 
though it is generally agreed that they should be incre
ased. 
Calories 
16. Smee external temperature affects caloric req
uirement, 
extreme variations must be taken into consideration. 
An average 
temperature of 60 F has been used in drawing up thes
e standards, 
following the adjustments for external temperature
s made by 
FAO.• 
17. At I year the requirement is approximately 45
 calories 
per lb. body weight (100 cals kg). Beyond this age 
the growth 
rate decreases and the requirement per unit of body-w
eight drops 
accordingly. 
Under 10 years the calorie requirements of boys and
 girls arc 
considered to be the same. Above this age they are 
assessed at 
different levels. During the period of puberty and 
adolescence 
increased appetite is often very striking. Provided phys
ical activity 
is high this increa·,ed appetite should be met by increa
sed intakes 
of calorie-producing and other nutrients to levels oft
en reaching 
those required by heavy-labouring adults. 
Labourers in this country require relatively more calo
ries than 
the American labourer since in the latter coun:ry gr
eater use is 
made of labour-saving devices. 
18. There is a growing view that gain in weight after 
maturity 
(25 years) is not physiological and should he avoided. 
The middle-
age weight gain is largely due to an increase in the pr
oportion of 
fat in the body and is not accompanied by a gain in a
ctive proto-
plasmic mass hut may even be accompanied by a l
oss thereof. 
The reason for the decrease in active protopla~m1c mas
s in middle-
age may be partly endocrinological in origin, but is 
almost cer-
tainly due in part to decreasing activity: therefore. ca
lorie intake 
should be reduced with advancing age. The recomm
endation of 
the Food and Nutrition Board of the USA for a reduc
tion of 5° 0 
for each decade is accepted.• On this basis the average 
requirement 
for 35. 45, 55 and 65 years would he 95°~, 90°,,, 85°~ an
d 80°. 
respectively of the calprie requirement at 25 years. 
PrMl';II 
19. The view that a person requires less protein than p
reviously 
thought necessar) is rapidly gaining ground.•,••. It i
s important 
however. that where the diet consists predominantly
 of cereals, 
such as wheat and maize, it must be supplemented
 by either 
animal foodstuffs or legumes. and that where maiz
e is chiefly 
used, the protein standard must be slightly raised. In 
view of the 
importance of protein for body-building and function
ing and for 
protection against tuberculosis and possibly other infe
ctions, it is 
advisahle that the standard for the adult male sho
uld not be 
lower than 65 g., of which at least I 3rd should be
 of animal 
origin, which can be partly replaced b~ protein from d
ry legumes. 
Dean11 considers that a cereal-legume mixture may lar
gely replace 
milk protein in the diet of children. 
When calorie requirements are not met some of th
e protein 
is metabolized to provide the deficit, hence less is a
vailable for 
body-building, protection and regulation. 
20. The protein requirement during the 3rd trimester
 of preg-
nancy and breast feeding is considerably higher an
d, because 
of the neccssit) to manufacture complete protein, 
the animal 
protein allowance is increased to 40 °~ of the total. 
21. In the child the requirement per unit of body-
weight is 
higher than in the adult. and the quality of protein
 is of even 
greater importance. In the last decade it has been cu
stomary to 
recommend that the protein intake of a child under I 
year should 
be 3 · 5 g. per kg .. or I· 6 g. per lb. of body-weight. ex
pressed in 
terms of cow's milk protein. More recently, vieY.s exp
ressed at a 
Conference on protein requirements (Josiah, Macy, Jnr. Fou
nda-
tion with FAO. and WHO. of UNO, June 19-24 1955, 
Princetown, 
New Jersey, ( USA.) indicate that this figure may he u
nnecessarily 
high. The conclusions arrived at, and more especially t
he evidence 
on which they arc based, are not available to the 
Committee. 
The suggested lo"er standards are also e)(prcssed in ter
ms of cow's 
milk protein onlv and no equivalents are yet availab
le for other 
animal proteins or for ,egetable proteins. The Com
mittee has, 
thcreft,rc, adhered to conventional ~tandards. 
Ca/•·ium 
22. There is increasing evidence that the human bod
y adapts 
itself to live economically and effectively at levels 
of calcium 
intake considerably lower than the usually recommen
ded allow-
ances. 3 In South Africa among the indigenous populat
ion, intakes 
are often l 3rd of such allowances with no apparen
t ill effects. 
Unfortunately, there is no method of determining t
he level of 
calcium stores in the body. Furthermore, in strong 
contrast to 
other nutrients the intake of which is recommended 
here, there 
appears to be no evidence of any S) ndrome caused solely
 by calcium 
deficiency, or remediable by calcium supplementation
 only. To 
recommend allowances of a dietary constituent to pro
tect against 
unspecified stigmata appears to be a questionable 
procedure. 
However, there is evidence from metabolic studies on we
ll-nourished 
White people, that there 1s a tendency for a negat
ive calcium 
balance to occur if the intake is below 10 mg. calci
um per kg. 
of body-weight per diem. In the light of our present
 knowledge 
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it has been decided, therefore, to recommend this level of intake 
for the adult man and non-pregnant and non-lactating woman.11 
T,1e recommended calcium allowances in pregnancy and lacta-
tion are calculated from the amounts needed to supply the foetus 
and to maintain the calcium level in the breast milk. The standards 
for children have been calculated from the accretions of calcium 
in the body during growth as reported in the literature. 
Iron 
23. The precise requirements for iron are not well established 
but it is known that the incidence of iron deficiency or of hvpo-
chronic anaemia is higher in women than in men. If the intake 
of other nutrients is satisfactory there is no difficulty in obtaining 
the level of iron recommended. An additional 3 mg. per diem 
has been shown to be required during pregnancy. There is evidence 
that a considerable percentage of Bantu people receive a theoretical 
excess of iron in the diet from the use of iron pots. 
Vitamin A 
24. Vitamin A can be present in the diet in the form of its 
precursor carotene or as the active vitamin A. It will, therefore, 
be referred to either as carotene or vitamin A. One I.U. of vita-
min A is equivalent to 0·3 micrograms of vitamin A alcohol or 
to O · 6 m;crograms of ,B carotene. Owing to the uncertainty of 
the degree of conversion of carotene to vitamin A, it is desirable 
that a portion, perhaps as much as I /3rd, should be present as 
vitamin A. When this is not practicable a more generous allowance 
of carotene is desirable. 
Thiamin 
25. The consensus of opinion seems to be that adults fequire 
a minimum of 0·23 mg. of thiamin per 1,000 calories. This stan-
dard is easily attained with diets containing unsifted or enricht>d 
cereal foods or an abundance of high-quality protein. Tt has been 
found that 0·35 mg./1,000 cal. is sufficient to allow of tissue stor-
age.11 Because of the greater demands of pregnancy and lactation 
the allowance should be slightly higher than O· 35 mg/ 1,000 cal. 
during this period. For children the thiamin allowance is also 
based on calorie intake. During puberty and adolescence an extra 
allowance is made to meet the higher physiological requirements'. 
Riboflavin 
26. Although it has not been establisht>d that th.: requirement 
of riboflavin is rt>lated directly to protein requirt>ment, it has 
been decided to adopt the NRC recommendation 2 of equating 
0·025 mg. riboflavin per g. of protein. 
Niacin 
27. The mt>tabolic pathways of tryptophane and niacin are 
intimately related. Although it is generally accepted that niacin 
requirements are approximately 10 timt>s those of thiamin, these 
allowances have been increased because of the dietary pattern 
of the majority of the inhabitants of this country, whose trypto-
phane intake is apt to be low. 
Ascorbic acid 
28. Ascorbic acid is the most sensitive of the vitamins to oxida-
tion and heat and a high percentage may be destroyed during 
transportation, storage and preparation of vegetables and fruit. 
There is a close relationship hetween ascorbic acid and other 
nutrients, e.g. those responsible for tissue formation and mainten-
ance and for development of the blood cells. Furthermore, the 
supply of ascorbic acid may be seasonal in parts of the country. 
The recommended allowances are, therefore, placed at levels 
higher than the Canadian figures, but considerably lower than 
those of the National Research Council' of the USA which have 
been regarded as unnecessarily high." 
Vitamin D 
29. Vitamin Dis essential for the absorrt1on and metabolism of 
calcium and phosphorus. When there is reason to believe that 
exposure to sunlight is inadequate or that the sunliiht is Jess 
active (as ic the Western Cape during winter) a therapeutic intake 
of 400 I.U. per diem may be prescribed for infants, and pregnant 
or lactating women. Extensive use of unrefined cereals contairung 
phytic acid. which may interfere with the absorption of calcium, 
is an additional re?.son for vitamin D therapy. 
Consideration of Nutrients not Tabulated 
30. Fat. It is suggested that the fat level in the diet should be 
20-30~~ of the total calorie intake, and for children, adolescents 
and, possibly, very active adults, it should constitute 30-40~{. of 
the calorit>s. Under conditions of economic privilege there is a 
tendency towards undesirably high fat-intakes which, it is claimed, 
are potentially dangt'rous, at least in middle age and in ,;edentary 
occupations. According to some authorities the upper desirahle 
limit for fat intake under these conditions is probahly about 30% 
of the total calories. The possible requirement of the essential 
fatty acids (linoleic, linolenic and arachidonic acids) art> easily 
covered where fat p~ovides 20 % or more of the calorks. 
31. Carbohydrates. Among Western populations, car~ 
hydrate usually supplies less than half of the energy value of the 
diet. However, among the poorer secuons of such populations, 
and also among tropical and semi-tropical populations generally, 
carbohydrate may contribute 3/4ths or more of the calorie re-
quirements. Under such conditions, the present practice of refining 
cereals (the main source of carbohydrate) to produce a flour of 
improved appearance, palatability and kt>eping quality, is to be 
deplored. Not only is protein quality reduced, but there are 
losses of certain mineral salts and vitamins; in particular, thiamin 
is lost and this nutrient, together possibly with other nutrients, 
is esst'ntial for carbohydrate metabolism. 
32. Pvridoxine and the other members of the Vitamin B Com-
plex. No allowances have been made for these vitamins because 
it is considered that there should be no deficiency of other members 
of this group if adequate provision from natural sources is made 
for proteins and the B vitamins already mentioned. 
The Dietary Standards Commillee of the National Nutrition 
Council: F. W. Fox (Chairman), J. F. Brock, J. T. Irving, W. A. 
Odendaal, A. R. P. Walker, J. M. Latsky, A. J. du Plessis, L. J. 
Louw (Miss). 
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11, RECOMMENDATIONS ON CALCIUM NEEDS 
The Group defined the minimum requirement of calcium for an adult 
as the smallest amount of that nutrient which will maintain health and 
keep the body in calcium balance over a period of years when the diet is 
otherwise adequate and the vitamin D status of the body is satisfactory. 
The Group was conscious of the fact that such evidence as was avail-
able was not sufficient to allow it to specify a figure for the minimum adult 
requirement. The Group was not so much concerned with stating precisely 
the requirement of an individual, but rather with formulating its recommen-
dations for the requirements of population groups. The conclusions 
reached on the question of calcium requirements were limited not only 
by the lack of evidence concerning the amount of the minimum require-
ment, but also by the fact that disorders and diseases attributable primarily 
to deficiency of dietary calcium have not been observed or reported in 
large populations subsisting habitually on intakes varying from 300 mg 
to 400 mg calcium per day. Some recent long-term balance studies have 
indicated that adults can adapt themselves successfully to an intake of 
calcium varying between 400 mg and 500 mg per day and even less. Such 
a range is higher than those observed in some parts of the world where no 
ill-effects attributable to calcium deficiency have been described. These 
bare facts, already considered earlier in this report, are reiterated as a 
prelude to a discussion of the question of requirements. 
SUGGF.STED PRACTICAL ALLOWANCE 
In view of the difficulty of defining quantitatively the minimum calcium 
requirement, the Group thought that the use of the term " average minimum 
requirement" was not justified in this report. It decided to recommend 
a range, rather than attempt to cite a single figure, in order to avoid giving 
an impression of accuracy which was not considered to be warranted in 
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the present limited state of knowledge. The recommendations with 
regard to calcium allowances are, therefore, based on different considera-
tions from those which underlie the recommendations of the Committee 
on Protein Requirements (15). For these reasons, definition of such 
terms as " average requirement " and " optimal requirement " has not 
been attempted, although this was done by the Committee on Protein 
Requirements. The Group adopted instead the term " suggested practical 
allowance." 
Suggested practical allowance is defined, for the purpose of this report, 
as the intake at which the needs of the great majority of persons in any 
defined population group are likely to be adequately met. It can, therefore, 
be considered a safe allowance. The possibility of undesirable effects 
on the health of a population with an average calcium intake habitually 
below this level should be borne in mind. Although knowledge gained 
from animal experiments may suggest the nature of such adverse effects, 
the symptoms and the possibility of their onset in man below any given 
level of calcium intake cannot be predicted with certainty. 
Adults 
In view of the scanty available evidence, a single figure for the lowest 
practical allowance could not reasonably be proposed. In the Group's 
opinion, intakes between 400 mg and 500 mg per day would represent 
the suggested practical allowance for adults. Since a lower intake of cal-
cium is habitual in some large groups of populations in which no ill-effects 
attributable to calcium have· been described, the Group was unable to 
conclude that the usefulness of raising an intake above the suggested 
practical allowance has been definitely proved. 
The average intake of calcium in several countries is known to be 
considerably higher than 500 mg a day. Average intakes between 800 mg 
and 1,000 mg a day are found in some countries and of 1,000 mg to 1,500 mg 
a day in some population groups. The Group found no evidence that a 
daily intake as high as 1,500 mg was undesirable. It, therefore, did not 
suggest alteration in the calcium intake of large groups of people whose 
dietary habits provide such a level. The Group, however, was of the 
view that raising the calcium intake beyond one gram was unlikely to serve 
any physiologically useful purpose. 
The scarcity of available information (see Chapter 3) did not allow 
the Group to make any suggestions about the upper limit of calcium 
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It has been assumed that the adequately breast-fed infant receives 
sufficient calcium for its needs. The amounts recommended for artifi-
cially fed infants are based on the lower of those values found in the current 
feeding practices of western countries. The Group realized that children 
and adolescents may have an intake of calcium higher than that indicated 
above, even reaching a level of 1,500 mg per day, depending upon age, 
food habits and other factors. In the opinion of the Group the available 
evidence does not indicate that such a high intake is undesirable, as already 
stated in an earlier section (p. 11). No suggestion was made, therefore, 
for any alteration in the current dietary practice involving such intakes. 
Sex 
The Group was of the opinion that there was no evidence for recom-
mending different allowances for boys and girls, or for adult males and 
nonpregnant and nonlactating women. 
Pregnancy and lactation 
The growth of the fetus, particularly during the last trimester of preg-
nancy, may require about 30 g of calcium. Additional drain on the 
maternal organism occurs during lactation. The daily output of breast 
milk has been assumed as 850 cc, as in the earlier reports of the Committees 
on Calorie and Protein Requirements. On this basis, approximately 
300 mg of calcium a day will be needed by the body. Given a lactation 
period of six months, the additional calcium need may amount to about 
50 g, and this would increase if }actation continued for a longer period. 
The total additional calcium requirement in pregnancy and lactation 
together would thus be between 80 g and I 00 g or even more, depending 
upon the amount of milk produced. Taking into consideration also the 
possibly more efficient utilization of dietary calcium during lactation, the 
Group concluded that the suggested practical allowance should be between 
1,000 mg and 1,200 mg per day. An intake within these limits should 
be provided during the third trimester of pregnancy and throughout the 
period of lactation. The Group realized, however, that in certain popu-
lations, successful repeated pregnancies and lactations are achieved with 
a calcium intake much below the suggested allowance. Extensive obser-
vations to determine if any demonstrable ill effects on the health of the 
mothers occur under such conditions are obviously needed. 




Certain recent work suggests that an inadequacy of dietary calcium 
may be one of the causes of senile osteoporosis, a condition which.has been 
found to be fairly common in some countries in individuals over 60. 
However, the available evidence was not considered sufficient to permit 
the assessment of any special allowance for this age group. This question 
should be reviewed after the results of further research become available. 
Physical activity 
The Group did not recommend additional intake of calcium with 
respect to physical activity because of the lack of relevant evidence that 
such is needed. 
12. RECOMMENDATIONS FOR FUTURE RFSEARCH 
It is readily appareni from the preceding chapters of this report that 
definitive information upon which calcium~ requirements can be based is 
extremely limited. As indicated in the Introduction, the Group considered 
it useful, to emphasize the inadequacy of the data available in the hope 
that appropriate research may be stimulated as soon as possible. Direct 
human studies should be the most useful; in particular, the " natural 
experiments " provided by large population groups consuming different 
amounts of calcium should be adequately utilized. However, much of 
the information' required can be obtained only with experimental animals, 
and such studies should be encouraged. The Group wishes to call special 
attention to the desirability of encouraging studies on the various subhuman 
primates, since their nutritional requirements may be more analogous 
to those of man than to the requirements of some of the other laboratory 
an,imals in common use. 
COMPOSITION OF THE HUMAN BODY WITH SPECIAL REFERENCE TO CALCIUM 
Information is needed on the total calcium content and the proportion 
of calcium and other constituents in the human body. Data should be 
collected on different population groups with regard to age, race and 
diets differing in calcium content. 
STUDIES ON BONE 
l. Basic studies on the histology, biochemistry and physics of bone 
and the influence of age and diet should be encouraged. 
2. The Group particularly recommends' that co-operative efforts be 
made for the collection and thorough examination of bones from a1l 
age groups in different regions of the world. Particular attention 
should be given to those bones which are known to have a high rate of 
calcium turnover, such as the vertebrae. 
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4. The effects of repeated pregnancies and long lactations should be 
determined in the women of different population groups in relation 
to the varying levels of calcium in their customary diets. 
5. The influence of physical activity on calcium balance and calcium 
requirements requires investigation. 
DETERMINATION OF THE MAXIMUM TOLERATED DIETARY LEVELS OF CALCIUM 
The difficulties of defining minimal needs are also encountered in defining 
maximum tolerated levels of calcium. In view of the large amounts 
consumed by some individuals and population groups, additional studies 
on both man and experimental animals should be undertaken in this field. 
Particular attention should be given to the possible importance of inter-
relationships between the intake of calcium and that of other dietary 
constituents. 
POPULATION STUDIES 
Attention has already been drawn to the necessity of extensive study 
of those population groups habitually consuming very high or very low 
levels of calcium. The Group wishes to re-emphasize the importance 
of such studies utilizing modern metabolic, clinical and histologic methods. 
PHYSIOLOGY AND BIOCHEMISTRY OF CALCIUM METABOLISM 
An adequate appreciation of the role of dietary calcium in health and 
disease requires a thorough understanding of calcium metabolism. The 
Group recommended that additional efforts be made in the following areas: 
I. study of the factors and mechanisms involved in the absorption of 
calcium and its re-excretion; 
2. definition of the magnitude of endogenous calcium excretion under 
various conditions; 
3. determination of the relationships between calcium intake and the 
level of calcium in the plasma and other plasma constituents which 
may influence this relationship; this is particularly important in view 
of the evidence that certain populations on habitually small intakes 
of calcium have lower levels in the plasma; 
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4. study of the magnitude and factors controlling dermal losses of calcium; 
S. investigation of mfchanisms and factors controlling the " adaptive " 
process; 
6. continuing study of the interrelations between dietary calcium and 
other elements, particularly with regard to iron, magnesium and the 
trace elements. 
DISORDERS AND DISEASES INVOLVING CALCIUM 
Those conditions in which calcium metabolism is known or suspected 
to be abnormal require extensive study utilizing all the appropriate epi-
demiological, clinical, histologic and biochemical methods. Such studies 
are justified in their own right and may contribute significantly to knowl-
edge of normal calcium metabolism. Attention is called specifically to 
the need for study of: 
1. the role of calcium intake in the etiology and treatment of senile 
osteoporosis; 
2. calcium inta~e in relation to renal stone formation; 
3. other clinical conditions which may result from an excess or deficiency 
of dietary calcium; 
4. the etiology of those diseases which involve soft tissue calcification; 
S. specific pathologic conditions in which an intake beyond the recom-
mended limits may be advisable. 
TESTS OF CALCIUM DEFICIENCY 
Increased efforts should be made in the search for methods of detecting 
calcium deficiency or for the evaluation of nutritional status with regard 
to calcium. Improved radiologic techniques offer some promise, and 
methods for the biochemical evaluation of calcium in the blood, tissues 
and excreta should be improvised. 
INFLUENCE OF DIETARY CALCIUM ON RADIOSTRONTIUM RETENTION 
Further long-term research is needed to determine the role of dietary 
calcium in the absorption and retention of radiostrontium under varying 
dietary conditions and at different ages. 
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PRIORITIFS IN RESEARCH 
The results which will be obtained from specific research proposals 
can seldom be predicted with certainty. Nevertheless, there are some 
areas of researco particularly relevant to the establishment of calcium 
requirements which appear more likely to yield significant practical results 
in the near future than others. The Group wished to reiterate those which, 
in its opinion, fall into this category and thus deserve emphasis, though 
the items listed are not in order of priority: 
(a) basic studies on the histology, biochemistry and physics of bone 
in relation· to age and growth; 
{b) the collection and examination of bones from different regions, 
especially those bones, such as the vertebrae, which have a high rate 
of calcium turnover; 
(c) the relationship between calcium intake and calcium balance and 
growth; 
(cl) thorough study of population groups habitually consuming very high 
or very low levels of calcium; 
(e) the relationship between calcium intake and level of calcium in the 
plasma and other plasma constituents, such as proteins, which may 
be influential; 
(f) the effects of different levels of calcium intake on health in repeated 
pregnancy and lactation; 
(g) the role of dietary calcium in the etiology and treatment of osteoporosis. 
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CORRESPONDENCE 
CALCIFICATION IN THE SOUTH Af'RK A, BA~ Tl 1 
To the Editor:-l read with interest thc recent con1nt,111ion, 
of Dr. Stearns on •he requirement of calcium (/. A. .\.1. A 
llt:478 [Feb. 18) 1950) and of Professor Youmans on the 
subject of calcium deficiency (141: 12.'i:? I Aug. 5] 1950). The 
need of a high intake of this element has often been empha-
sized, and it has been stated that in the United States the diet 
is more likely to be deficient in calcium than in any other 
element. Yet Professor Youmans maintains that the inci-
dence of calcium deficiency is unknown, and Professor Snapper 
(in Joliffe, N., and others: Clinical Nutrition. New Yori.. 
Harper & Brothers. 1950) considers primary deficiency of cal-
cium to be extremely rare. Since mi,giving, pre\ail O\er th.: 
level of the calcium intake of a relatively well fed populat:on. 
such as that of the United States, the question arhcs a, to the 
state, in terms of calcium deficiency di,east-s, of the many 
millions of people in other parts of the world v. hose diet 1, 
creatly inferior in calcifying properties. 
In South Africa the calcium intake of the Banta. e~pcc1ally 
the town dweller~. can seldom exceed 0.5 Gm. per day. The 
phosphorus intak.:, much of it in the form of phytic acid phos-
phorus, is high. usually more than 1.5 Gm.; moreover. at 
the times and in the places v.here maize 1s the exclu,ive source 
of calorics, a calcium-phosphonLs ratio as unfavorable as l to 
10 is reached. Practically no vitamin D is ingested. 
The present situation, in the light of the information avail-
able, is as follows. In East Africa, the Rhodesias am! SCluth 
Africa, rickets is reported to be rare. But the disca,e i~ com-
moh where urban Bantu are overcrowded, just as it is common 
in India under the same conditions. In Johanne~burg. it 
occurs more frequently in babies Jess than a }t'M old. v.ho 
are mainly breast fed ; but it is of rare occurrcnc.: after the 
ap of 2. Tetany is considered hy experienced c linicians to 
be uncommon. Bantu mothers are report.:d not to ,uffer from 
oateomalacia. The calc;:ium content of their bre:,st mill... for 
the few ~amples examined, has been found to lie v. ithin the 
same range as that of European mothers. Regardmg ,erum 
levels for calcium and phosphoru,. the limited 1wmher uf 
determinations carried out suggest that the Bantu ha,c the 
same or only sli11htly lower ,alue~ than European,. .\rnpk 
opportunity for radilllogic observation is afforded h) man\' 
hospitals, for eAamp)e, those concerned with the qu,,rter of :, 
million' Bantu worker, employed in the gold mine, nf the 
Witwatersrand. The opinion is hell! that there 1, no Jifk;<'!Kc 
in calcific density between tht bone, of these pcopk a11d llf 
contemporary Europeans. It 1s averred that fraclun:, are not 
unduly liable to occur; there is evidence, mor.:o, .:1. that "hen 
these do occur, the r.1te of healing is, if anything. more rap•J 
than is the case v.ith Euror.:an,. In gcneral. the rur:,1 
Bantu, when comuming their traditional high cereal diet. ha,e 
a low inc1den1.:e of caries, but. as has hccn reported of primi-
tives elsev.here, v.h,:n the Bantu adopt 1-uropean food h.,hih. 
deterioration begins to take plac.:. The average height of the 
Bantu is certainly less than that of Furopean South A.fricans. 
but, since their diet is frequently un,afr,factor~ 1n man} 
respects, not only on account of thejr low mtal..c of calcium 
It i5 unfair to blame a deficiency of thi, ckme111 a, the sok 
cause. It is of importance hov.cver, that f'<){)r 1uro1 e,111 
South Africans cor.wme a diet simihr to that uf :he Bantu. 
yet, reports indic,1te that the he1t1ht of thc chrldrc,1 ., m,1 
edver:;ely affected thereby h mrght also be added th.it there 
• e¥idcncc that f.uropean South African chilJr.:n urt. \\Ith 
lllla9f limitations m certain age groups. t11ller and h~a, 1er th.in 
their coetcmporaries in Great Brilain, Can«da and the n1teJ 
States: yet tllt-1r intake of calcn•m. in gene, al " t-t',cw. 1h,1• •1 
the ,,t,me i:ountrie,. I he very impdrtant factor favoring cal-
cificarion i, the ~unlight in this part of the world. Can the 
lad of deticienq ,tigmas be wholly attributed to this factor? 
The information given requires further investigation before 
being firmly established: to this end. cooperative research work, 
biochemical. radiological and clinical, is proce(ding. Should 
the above ob~rvation~ be confirmed, the condu,ion would 
seem to be ine,capable that, at !cast where sunlight is plenti-
ful, the critical importance allached by n111ritioni,ts to a high 
intale of calcium i, unv.arr:,nted. 
1Th1s ietter is puhli,hcd v. ith thi: p.:rmis,;on of th' South 
African Council for 5':ieniilic and lnJ1."trial R,earch.l 
A. R. P W.,1 t.:I.R, l'h.O., 
Nutntio11 Lnit. Coun.:11 for Scientific and 
Industri:tl Rcsearc:h. South :\f1 irnn lnsli-
1t1te for Medical Resrnrd1. Johanne,burg. 
t..:111011 cf South ,\fri.:a. 
HOBER I LA Tm DICKI,so., 
T,· tht' f_di1or:-h·v. pc·r,Clns have i:ontnliuteJ more to the 
art anJ ·,c1cnc.: <•f o;-.,tctric, in ti11: L'1111ed State, than Dr. 
Roht-rt I alClll Dic~in,un. and we ,,rnnot let the moment of his 
pas,,1r1g go by wi!ho1,t n:cordrng o.ir appreciJtion of him as a 
gn:at person. doctor. tcai:her .rnd artist. He was one of the 
tir,t to warn again,t •he c\ 11' of ··,1,,embly line oh,tetrii.s" to 
the per,onahty of the mother and father in the normal func· 
tion of childbearing JnJ to deny the gro11, ing trend to make 
birth a surgical operation. 
'When Dr. Did1"'on relir,·.J from ;:cti,c mcdi..:al practict:, 
he made in the List 1v.o dc.:adc, of hi, life a uniq111· an•J 
importanl contnhulrrin to 111.:dic.tl and health te,Khmg Worl.-
mg with .-\!,ram lkl,l..ie a ,,11!p:nr ,,f gr~a: talcnt. th,: tv,o 
developed m.:d1cal teach mg .,1d, 111 rh,tcr and ruhhcr. 1 he 
fir•;! of the,<' WL'rc m:,de for th: '11L,tc·rnit\ I .:nt• r .\ tl,·i ,11011's 
N, w Yori.. World\ r.tir nh1h,t -, he}· licp1c1.::d 111 life-, t • 
,cL lpturo the ,!::\elopn1t:nt 1,f ,1 hary from the 111om"nt of 
fr,tilization to tht: 111011 .. ·nt of hinh l'l:e,.: ,,11lpturc we " 
one of the mo,t pop11l.1; n'11h11, at th.: l'.,1r ,,nd y,,:re Ja1e1 
maJt: into ~ mcd1c.d tt·.,rhJJ,~ hPtil.. ihc ll11tl. \11., ,' ,dii.:h 
1, u,ed Hl the n,cd1L.d .i11,I nur,ir.z ,i;hooh ;,nd p.1r.:nt · d,1',L', 
in ma!ly eountr1e, of ti1e \\lHld l epic, ot these ,cu!pturc, 
arc nov. on e,h,bit 1:1 th~ "'"'·' Yor~ \!u,eum ,,t :-..atur.11 H1, 
ll"·:-;. the F-1.: 1d \111,e,1rn rr> L hi,.tl'll th· ( k\eltnd ffr.il•h 
Mu,eum. the Dall.i lk:dth ~1u,cum .111d 1>1 a numt,~1 of 
fort'1gn co1•ntrit·, ·1 he rut,J t·r 111,,del, wcrl' d,,clopcd to hdp 
!he ,t•.tknt do,tor anil r.t·r: .,nd the p:11,;;nr tn !car 1 m , 1, 
.1b0ut :he norr,al !111111.111 h,d, Dr. D1ll..1(l,Cln\ hoo~ ori a 
m,mhc 1· of ,uh1ei::-. rc·l.,tnl IO hurn,111 r..:product1on are of 
v,orlJv.1dc repute. H1, f.:.irk-,., v,il!ingn,,, to take a puhli 
po,nion on ,ur:Jc,,•: of contr,»er,1 '>'lln for h1rn The adjlllfi.1 
t1on not onl} of tho,c v,ho a~recd with hirn but of tho,,; 
who J1,,t)!r<'eJ. 
! ,peak for the bo.,rd th,: mi:Jic.d huard ,md the staff of 
the \1:.t.:rnit) ( er. n ,\,,ocia11011 when I ,.1\ !hat hi~ pas ing 
I\ .,n irreparab·e los- t,i !he ct, n,1.1111~ a,hanct, in our field of 
emtea~or. But h1 cc>r.tnbution 10 medic.ii ,, ience and to 
human rel .. t1or,,, csprc:all, m the development of muru.11 
11'1J<:r\landing b<:tween 1:1.: doctor Jnd hi, ra1icrit. will It,~ 
torC\cr am mg the pcoplc of ,\rnenca. 
\1RS. Sllt·.f>\RO 1'.Rt(lt, Presidenl 
M 1t~rnit} Center As~ociation. 
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DRINKING WATER AS A SOURCE OF CALCIU
M 
by 
,\. R. P. WALKER 
(N//lrition Cnit, Sol/th African Council for Scientific an
d lnd11stri,d ReswrdJ ,ii the South - ljrirt111 
lnshltile f(}r L'vfedical Research, Johannesh11r.f!.). 
The Functions of Calcium 
The more important physiological functions of 
calcium may be summarized briefly as follows: -
I. It is essential for the calcif-icatioo of b<>ne 
and teeth. 
2. It is necessary for the adequate contraction 
of heart muscle. 
3. lt regulates the excitability of nerve fibres 
and centres. 
4. Tt is essential for the clotting of blood. 
The biological importance of this element is 
therefore obvious. 
Standard of Intake 
Evidence is accumulating from the results of 
calcium blanche studies carried out by independent 
observers, that an allowance of 10 mg. calcium 
per kg. body weight, is sufficient to meet the 
body's requirement; an average man of 70 kg. 
would thus need O ·7 g. daily. The present 
orthodox standard is more liberal; for adults, the 
South African National Nutrition Council has 
recommended a daily allowance of O ·8 g. A 
higher level of intake is, of course, essential for 
growing children, and for pregnant and lactating 
women. 
Availability for Consumption 
The following figures indicate the approximate 
.tmount and current cost of different foodstuffs 
required to furnish O ·8 g. olcium :- milk, 1 ·2 
pints, 6{d.; cheese, 3 ozs., Sd.; eggs, 2 doz., 
4s. to 9s.; bread, 5 to 6 lbs., 1 s. 6d.; haricot 
beans, 14 ozs., 7d.; green peas, 5 to 6 lbs., ls. 6d. 
to 3s.; cabbage, 4 to 5 lbs., 1 s. to 2s.; maize 
(straight run), 9 lbs., ls. It will be observed that, 
apart from milk and cheese, substantial amounts 
of all these foodstuffs \\·ould have t<, be con-
sumed to meet the body's daily requirement of 
Cllcium. The availability and price of milk and 
cheese are thus the go\'erning factors where the 
level of calcium intake is concerned. lt has been 
calculated that if the population of the Cnited 
States, al ready probably the best fed of anv 
country, were to adopt the Stiebling libera 
allowance dietetic standard (which allows f<> r 
the consumption .. f ab<>ut 1 ·2 pints <>f milk dailY 
for each person), an additi<>nal 1:i million cowt 
would be needed ! In South Africa, recen 
nutritional surveys and reports have indicated 
that Europeans of the ln,,·er income groups, also 
the Asiatics, Coloureds, and Bantu, are at present 
subsisting on diets having a calcium content 
appreciably lo\\'Cr than the current accepted 
standards. ln view of such evidence, :\1cLester 
119441 considers that for the present (and doubt-
less for a long time to come), the diet of most 
people the world m·er is more likely t<> be 
deficient in calcium than any other elemenr. In 
consequence of this state of ~t'hirs, e\'ery dietetic 
source of calcium capable of contributing a 
~ignificant amount of this element, becomes of 
mcreastng 1mponaoce. 
The Calcium in the Drinking Water 
The drinking water i, a frequently 01·erlookt:d 
source of calcium. The amount of this element 
ingested depends on manv factors: on the total 
amount of water consumed; irs calcium content; 
the proportion of raw and boiled water consumed, 
also rhe temporary and permanent hardness of 
the water; finallv, it is essential to consider the 
availability for · metabolism of the inorganic 
calcium ingested. These factors \\'ill n<>\\ he 
considered in turn. 
l'he al!lo11nt of u·ater (o!lsttl!led d ,ii;. 
\v'ater consumption \'arie, wideh- from person 
to person; the figures obrained must therefore be 
regarded as approximations, and only applicable 
to individuals leading a ,·cry m, >deratt:ly acti, c 
life. 
The amount of water consumed daily may he 
classif-ied under the follo\\'ing headings: 
1. Raw water, consumnl alone, or in home-
made soft drinks. 
2. Boiled water, as in tea, C<>tfre, and other 
beverages. 
3. Water added in the preparation of cereal 
products, such as bread, porridge, and 
occasionally, cereal puddings. 
4. C:ooking water which is not decanted, as in 
soups, stews, and stewed fruit. 
S. Cooking water, the major portion of which 
is discarded, as in the cooking of vegetables. 
6. Water in milk, alcoholic drinks, and so 
forth. 
The proportion yielded bv each of these 
sources will now be discussed in detail. 
1. Ran• lf'ater. In general, for the type of 
individual considered, water consumed in the 
raw state forms a comparatively small proportion 
of the total water drunk. J\lagee [1937], in 
studying the daily water consumption habits of 
the inmates of two institutions in Great Britain, 
found that on the average, about a small cupful 
per day was consumed. In South Africa, \Valker, 
Fox, and Irving [1947), from data obtained during 
long-term mineral balance experiments, found 
that two subjects consumed slightly more than 
this amount, but it seldom exceeded 200 ml. 
daily. 
2. Boiled U"ater. When water is boiled, some 
of the calcium carbonate and bicarbonate account-
ing for the temporary hardness, is precipitated. 
If just brought to the boil, little precipitation 
occurs; but should boiling be allowed to con-
tinue, especially in a well-"furred" kettle,. the 
amount dt,posited is greatly increased. Moran 
and Hutchinson .[1942] consider that on the 
average, only half of the temporary hardness 
calcium reaches the tea or coffee pot. More 
recent experiments by McCance and Widdows<>n 
fl 9431 support this view. The average daily 
total intake of water was considered bv Starling 
[1933] to be of the order of 14SO ml.: if, s1y, 
1SO ml. is allowed for a small cup of unboiled 
water, this leaves a boiled water consumption of 
1300 ml. J\lagee [1937J found that the boiled 
water consumption in the above institutions was 
about 1500 ml. daily. Observations by Walker, 
Fox and Irving [1947], for the two subjects 
referred to, tend to confirm this figure. For 
purposes of calculitinn therefore, the boiled 
water consumption will he taken as 1500 ml. per 
head daily. 
3. 1r·a1er . added in the preparation of cereal 
prod!lcl s. (a) Bread. From the Family Budget 
Enquiry Report [1936-7], the average daily con-
sumption of bread may be taken as 12-14 ozs. 
per head: in the making of the dough, roughly 
100 ml. of raw water is incorporated. (b) Other 
cereal foods. The above Report inclinted that 
the combined consumption of oa ts, rice, and 
mealie meal, is f.1irly constant in the middle and 
lower income group,, apprnxinntin_L'. to .1 c,zs. 
daily. ln the prepar.uion "f the,e foodstuff; f<>r 
eating, roughly 250 ml. tap water is aclclecl. The 
consumption of cereal products thus im·"h·e, 
the ingestion of the calcium prcse111 in about 
3SO ml. of raw water. 
4. ll"a/er in soups, slell's, sleu ·ed ji·11il, ek. 
Walker, Fox and ln-ing I 19rl, found th ·it the 
order of 100 ml. was the average chily amount 
of water consumed \\"ith these foods, for the two 
subjects under long-term c,bscrvation. 
5. CookinJ!. 11•a!rr in l'~!!_elah/1 ,. .\fcCance and 
\'\"iddowson [194.11 compared the nlcium contenr 
of pe1s and potaroes ,,·hen crHiked in distillecf 
water, and in the comparari,·eh SClft c~mbriclge 
tap water: they found rh1r the up \\·,tter incruscd 
the c1lcium content; .since, h",,·c,·cr, the increase 
did not amounr to m<lre th1n a fe\\· milli\!r.-1t11s, 
no allowance will be made for this phc·n<lmcn()n 
in the following calculHi<>ns. 
6. lf"'ater in milk, alcoholic drinks, tk. The 
consumption of milk and alcnh<>lic drinks, 
especially the latter, is subject to extreme vari 1-
tions; but since tap water is not concerned in 
their immedi1te origin, thn· \\·ill not be rikcn 
into account. 
Summing up, the r.t \\. water consumpti"n 1111,· 
be regarded as being nnde up "f: ,,·Her drunk, 
150 ml.; from cooked cernl product:-, 350 ml.; 
from soup, etc., 100 ml., nnking . a roul of 
600 ml. daily: for purposes of calcuL1tion, this 
figure will be reckoned as .SO:J ml. The h,.,iled 
~;ater consumption h.1, been sh"wn to he "t the 
order of 1500 ml. ,hily; this nnkes a tot1l of 
2000 ml. tap water c;nsurnecl daily. Ir m .tst 
l~e repeated th 0u these figures are onh· likeh t.> 
apply rn adults leading a ,en· nrndcr.ttclr acri,·e 
life. 
Calcium i,~~ested from nritis/, dri11/.-i11~ u·.1/l'rs. 
Table l ill•Jstrates four represcnn-
rive British water,. L"sin\! ,hra gi,en by Suckling 
11945], the amounts of c.dcium i;igested, ernpl ,y-
ing the above water c,rnsumpti.in figures, hH·e 
been nlculated; it hl> been assumed th tt h,lf the 
temporary hardness e1lcium of the boiled water 
is lost during boiling. 
i\[oran and I lurchinsCln 119421 Cllllstder tint 
an average tigure of ah ,,ut 7S mg. cdcium is 
TABLE J 







Total I L1rdness, calc ium and magnesium salrs ,is 








Total calcium, ,ts mg. Ca per 100 111\. 
lor.d cakium ingested (mg.) ... 
TAHU'. IL 
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(aki11m i11!1_f'Slrd/rr,J11 .\rmth /~fr.itan drinkin.._f!, JJ'alrr (~rtJ1md !J'rJ/trsL 
!'oral I lardness, ,ls CaC03 per 100,000 
I <>tal calcium ,1, mg. Ca per I 00 ml ... 
Total calcium ingcsred (mg.) 
I ·.u ropcan consumers (approx .) 






Slightly saline chloride ".nns: 1cm 
porary hard carhonace \\ arcr~, ,odiu111 
cuhonacc waters. 
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hstin,alt' of cakiI11JJ iJJf!J'J·t.d dai(yfro111 thr drinki11J?, JJ'aifrJ' rf the JJJain ttlllrt.1 r,/ poju,lo/l(J/1. 
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R ic11· lci (Springs) 
Riet, lei 
l)urhan (T) ... 
P11n l·.lizahcth 
I. \SI Londnn (T) 
Blorn1fonrcin (T) 
J..:imberky (T) 
Approximate Total hardness Calcium content 
p< ,pulati, ,n CaCO" per mg. per 
(1941). 100,000. \()(I ml. 
8·.'i 2·2 
12·5 2·5 
188,000 1-() (1·1·! 
1 U,ooo 
2l) 4· ·' 
11 2·1 
12 2· '.' 
113,000 .J·ii 0·1-1 
58,000 5 ·2 O·'I 
35,000 n 
33,000 2· l 
17,000 ')-6 2·95 
*Cape Town is now being supplied wirh "whitc" w.trer of much grc.ncr hardness. 










I ·:su1nart: ,,f 
calc1u111 












cnntrihuted daily by the drinking water of Great 
Britain. 
pi led from data giYen in B,ind\ m"n<>gr.1ph 
[1946] on the \\ater supp!ie, <>f the L' ni"n of 
South \frica. 
( "ki11m i,~f!.cS!cd(rom Sou!h . 1fric,111 drinkinf!, 1/'lller. 
In South t\frica, there are many different types 
of water, ranging from the exceed inglv soft 
waters nf the Table Mountain Series to the 
h1~hly brak water~ 1n the , orth-\X est Cape 
Prn,·ince. Tahlc II has heen com-
The approxim:ite number of European c<>n-
sumers in each group \\·as calcuhted b)· nuking 
use of Bond's dar:i. '.!ml nnps, and abo the 
popuhtion dat,t from the l ni"n Ye,tr B",1k and 
recent census rep, ,rt s. 
From this table, it may be observed that:-
1. In just under a third of the Cnion's white 
population, the calcium contributed by the 
drinking water is negligible. 
2. Tn a little less than half of the population, 
the average daily calcium intake from the 
water is about 60 mg., i.e. much the same 
as the estimate of Moran and I lutchinson 
for Great Britain as a whole; the contribu-
tion may be regarded as having some 
nutritional benefit. 
3. In less than a sixth of the white p,ipulation, 
the calcium ingested \Yirl, the drinking 
\\'ater, 100-100 mg. daily, is of considerable 
nutritional importance. Such an amount 
might well make all the difference between 
a calcium intake rhat is clehcient, and an 
intake that is adcL]uate for nninte,~ance. It 
should be mentioned tlnt these highly 
saline water,, apart fr<>m certain e,ceptions, 
are not outstandingly harder than an 
appreciable number of British drinking 
waters mentioned lw Suckling !19451-
Thc contributions affmded hy the drinking 
waters of the larger South \frican centres of 
p pc1lation may be of interest, and arc given in 
table Ill. 
Az•ailahilily for melaho!ism of drmki112, u1111fr (a!riu111. 
The calcium in the drinking water mciy l,e 
present as bicarbonate, sulphate, or chloride. 
Dealing hrstly with evidence from experiments 
on rats, Tisdale, Drake and Herbert p 918 j, 
showed that when using the carbonate, chloride, 
phosphate, gluconate , and lactate <,f olcium, 
also whole milk powder, Casec, and Pablum, the 
percentage of added calcium retained was essen-
tially the same in eac,1 case. Lunue and Lie 
!19401, found that the calcium of tish hones 
(present as phosphate and carbonate), was ju,t 
as available to the organism as milk nlcium. 
\X'ith humans, Stearns and Jeans 11934-SJ 
found that insoluble m-calcium phosphate was 
utilized bv children as well as warn-soluble 
calcium salts. Kempster, Breiter, :\fills, :\fcKe\·, 
Bernds and Outhouse 11940), found that boys 
and girls utilized the calcium of dicalcium ph<Js· 
phate as readily as milk calcium. 
lt is therefore highly probable that rhe calcium 
in drinking water is as a\·,iihble to the both for 
metaboltsm as the cc1.lcium contained in milk. 
Summary 
I. Due to the cost and frequent scuctt\ , ,f 
milk and cheese footb rich in cdcium 11 
is p,>ssihle that the diet of the general public 
is more likeh· to be dcticienr 111 this physio-
logicallv important clement than in rhe ci,e 
of any other element. 
2. One frequently overlooked s<1u1-ce of nlcium 
is the drinking water. .\ per-">n of \ er\ 
moderate acti\·ity consumes rnut.;hly SOO ml. 
raw water, and 1500 ml. hotled \1·atcr duh, 
from all sources. L"sing these figure,, it h·b 
been estinntecl thH: ' · 
(a) :\hour a third of the \\·hire P"Pul ti 1< ,n 
of the L nion, dcriYe a negligible cont rt 
bution <>f calcium from their drinkinc' 
~·ater. 
(h) .\bout half of the population hcm:tit Ill 
an a\·erage of roughly 60 mg. calcium 
dail\·, an amount of '"me nutr111, ,rul 
significance. 
(c) The rennindcr, about one-sixth, c, ,n-
sumtng highlY saline water, inge-;r 
100-300 mg. calcium daily, a c,111trihut1<>n 
c,f considerable nutritional imp"rtancc. 
3. The e1lcium in the drinking water 1s c, >n-
sidered to be as ayaihbk frn mctah"li,m .,s 
the ulcium in milk . 
JU :r1:.R1·:1'.C10S 
BonJ, G. \"C (1946). ,~ J!.eOl"hcmic,11 surve)' of !hr 1mder~ro1111d ll'a/l'r supj>lin of th,· I ·111011 o/ \,,11/h .·1fri,a. L'nion (;,.,,I. Sun. 
,\lemoir, 41. Pretoria: Government Printer. 
Kempster, r.., Breiter, H., Mills, R .• McKcy, B., BernJs, :\I. and Outhouse, J. (1940). J. \,rtnl., 20, D"9. 
LunJc, C. and Lie, J. (1940). .-.!mer. Chem. ·lbsts., 34, 3788. 
'.\lcCance, R. A. ,rnd \\'iddowson, E. :\I. (1943) . l.a111ri, 1, 230. 
:\fcLcster, _J. S. (1944). .\'utrilion and diet in health and dismH. 4th ed. Philadelphia: Saunders. 
\lagce, H. E. (1937). J. f{J'Js., Ca111b., 37, 30. 
\loran, T. and Hutchinson, J. B. (1942). / . \or. Che111. Ind., 61 , 416 . 
Report inlo the expenditure o/ {011ropentt famflir s i11 urlam 11r/Ja11 areas. (1935-6). Cnirn1 I )cpr. Census .,nd Starist ics l. (,. 
No. 21 37 . 
Starling, E. H. (1933). Principles ofp~)'siol0,~)'. 5th ed. London: Churchill. 
Stearns, G. and Jeans, P. C. (1934-5). Pro( .. \o,. 1;·xptl. Biol. ,\ftd. , 32,428. 
Suckling, l-.. \' . (1945). The exa111111ation of ri•aters and u•a!er s11pj>lit1. 5th ed. London: Chur,htll. 
Tisdale, F. F., Drake, T. G. H. anJ 1-lerherr, R. (1938) . j. .\utrit. , 16,613. 
\X'alkcr, A. R. P., Fox, F. \X;. and Irving, J. T. (1')47). l 'npuhlishcd work. 
WEQ?_OR®l§_ AND CALCIUM DEFICIENQ!. 
ALEXANDER R.P. HALKER M.Sc . , Ph.D.* 
Within recent years there has been a:n increasing interest 
in osteoporosis (post-menopausal and senile) with regard. to its 
features, occurrence, causative factors, and treatment. 
Briefly, the disease is characte~ised, roentgenologically, 
by rarefaction of bone. There is a reduction of bone mass or 
mineral matter per unit volume (involving generalized loss of spongiosa 
and inner layers of cortex), without change in percentage composition. 
In this respect, it differs from rickets and osteomalacia which, 
although also m~rked by bone rarefaction, are associated with a re-
duction in percentage mineral composition. The most obvious sequela 
of osteoporosis is pathological fracture of vertebrae, femura, or ribs. 
The dise:'.se is common in Whites. It affects females more than males, 
both numerica lly ~nd in severity. From surveys undertaken mainly in 
the United States, it is believed that 10 - 50 per cent of people over 
65 years are severely osteoporotic: it has been calculated that there 
are approximately four million of such people in the U.S.A. 1 
Earlier workers, partt:y- on the basis of animal studies, con-
sidered that a deficiency of calcium was implicated. 2 ,3 Later, 
Albright and Reifen}ein4 attached chief blame to diminished estrogen 
production in old age, thus leading to decreased forII12.tion of the 
protein r:iatrix bone. It was believed that depletion of bone arose 
because its r ate of formation ,.ras retar:lei, while the rate of resorption 
wi:i,s unaffected .• In support of this concc~tioI'-, it has been claimed 
that supplements of estro/,:ens relieve pain in a pro-portion of cases, 
-From the Human Biochemistry Research Unit, South African Institute 
for Medical RGsearch, Johannesburg, South Africa, and the Council for 
Scientific ond Industrial Research, Pretoria, South _\.frica. 
*Head, Human Bioc-:1emistry Research Unit. 
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improve calcium retent i on, arrest t~e onteoporotic :orocess , and reduce 
proneness to fractures. At present there is a t rend to revert to the 
Yiew that a sustained deficiency o!.: calcium be-"'.rs !llain seticlogical 
responsibility.l,5-l7 It is believed tha t often 1 although not in-
variably, l7 ,lB subjects with osteoporosis either have 2, relatively low 
intake of calcium, or are poor absorbers, or h igh excretors of the 
element. Incons~onance, it has been reported that the tissues of 
that 
sufferers have an avidity for the element/ calcium supplements reduce 
proneness to fractures, and frequently ameliorate pain. Until recently, 
neither for 1n of treatment (i.e. sex hormones or calcium salts) has been 
reported to result in roentgenological improvement. Two current 
15 16 reports, however 1 claim improvement in a proportion of cases. ' It 
should be added that some groups of workers believe that both hypotheses 
have a measure of validity and that both treatments are more effective 
th ·t1 . 1 lil0,13,17 an ei 1er given a one. 
If the calcium deficiency hypothesis is valid (and this is 
the issue with which this paper is primarily concerned), then in 
corresponding age groups, it would be possible to demonstrate, epidemio-
logically, the existence of a correl::1. tion 1)etween level of calc iu111 intake 
qnd frequency and severity of osteoporosis. The correlation, however, 
will be vitiated if factors other than calcium intake, such a.s race and 
activity, are of profou..~d importance in the aetiology of the disease. 
Little endeavour, however, ha.s been IT:>J.de to enquire into or to discuss 
whether s nch P, correlation actually cbtai:1s. 
Nord.in
20 
believes that there is 8. me .:1 sure of analogy between 
iron deficiency and ir0n deficiency a.naeT,tia , and low calcium intake and 
osteoporosis. In a given population 1 knowing the level of iron intake, 
the composition of th8 
it is possib]e broadly 
0.::..et , and the frequency of infections prevailing, 
,Prevalence and 
tu predict t:n.e;exterLt of the iron deficiency anaemia 
likely to occur. In a comparable situatfon, knowing the level of 
3 
habitual calcium intake i is it equally possible to predict the prevalence 




In Glaseow (the home of so much recent Tesearcn 
on osteoporosis and earlier rese;,,reh on rickets), forty 
to fift :r years ac:o, poverty was widespread. Half of 
the population l ived in 1 r oom dwellings, and over 90 
per cent in 1 or 2 room dwellings. 21 Calcium intake 
undoubtedly was :much lower than at present. Hence, 
in the elderly, there should have been much more osteo-
porosis a t that time compared with nowadays. 
During 1forld War II, for many years the inhabitants 
of several countries had a reduced intake of calcium. 
Although the period of privation was not long, the lower 
intake should have aggravated the frequency and sequelae 
of osteoporosis. 
Since calcium int8,ke, within limits, rises with 
increase in income, osteoporosis should be encountered 
moTe frequently arnong those in lower cmnpa red with upper 
socioeconomic classes. 
n Thus, t h.e disea,se should be 
commone r in the poorer North of Britain than in the r:iore 
pTosperous '.3outh, Comp8,ring countrie s, the prevalence 
of the disease in le ss pri vile bed r e f:ions in Central 
and Eastern Em·ope should ::>e gre ,:,,ter tha.n in countries 
sue h a,s the United States, Brita in, and Scandinavia. 
Fi.n.'.J.lly, 2.nc. in particular , if calcium intake be of 
predominant irr,portan.Je, osteoporosis should be far 
commone r 1 indeed, almost ubiquitous among the elderly 
in the ir:ciigeous popul e,t:i.cms of Africa, the Middle and 
Far East 9 c0mpared wi'ch l'!estern p'.)pulations. 
4 
There is son1e evidence tha t groups of 1.Ihite subjects wi th 
osteoporosis ha ve a lower 11 ean calcium int ake compared with ~hat of 
groups of "normal" subjects without C!>bvious evidence of t 11a' 
d . 1,5,6,10,11,16 1sease . Nevertheless, to the writer's knowledge, there 
is no unequivocal evidence on random co:atrast i nr; popul.c•tions in any cJ: 
the three situations enumera.ted above which has denonstrated a signi -
ficant inverse correLition to obtain be t ween level of calcium intake 
and prev~lence of osteoporosis . Absence of a ppropriate evidence, of 
course, does not necessarily imply that t here is no correlation 9 but 
its ahsence is of significance bec1.ring in mind the wealth of information 
available on deficiencies of other dietary components and the respective 
,'!alnut ri tional stigil'.ata . 
An enquiry into the va lidity of the calcium deficiency 
hy-;:iothesis T!lay be a ::,1proached by two avenues: -
1. 
2. 
By selectine a population known to be a ccustomed to 
a low calcium intake (such a s t :1e South African Bantu) 
and examining whether osteoporosis is or is not common 
in the elderly. 
By seeking to de t e rr1ine whet her the accepted criteria 
of a deficiency disease are satisfied, namely, the presenoo 
of (a) deficient intake, (b) s-pecific stigiNJ,ta, and (c) 
therapeutic or prophylactic res r,ons'? to the addition of a 
s :'.)e cific nutrient o:;.· nutrients. 
T:b.ese two approaches will now he explored . 
Cli.LCIU'I DJTAXE AND OS'IEO.?C',ROSI.3 :rn ':1HE S0L'TE AFRIC \II BA11TU --·- .. ...-
Calc.irnn i_uts ke. On the S01..1.th Africa11 Bantu we have deter-
mined the calciLm1 coi1.centra tfon of (1) sam0:iles of foods and drinks, 
including water, as consumed by the111 ; (2) their foodstuffs as cooked 
5 
in the laboratory; (3) 24-hour uri.ne collections of children and adults, 
also numerous random samples of urine, on which calciu.rrv creatinine 
t . 22 h ra 10s ,1ve been determined; (4) stools collected from ur'-Ja,n and 
rural areas, re ckoninc cg l~ium content on the basis of an excretion of 
70 g . dry faeces )'.JG.!_ g_i~ (common to Bantu adults on a. high residue 
Combined r -;~:nilts of all these studies indicate th"l.t only a 
s~all minority of Bantu, say, 10 - 15 per cent, are accustomed to daily 
intake s of calcium of mo~ than 500 mg. This assessment is in harmony 
2.d-27 with other information obtained locally. · In Britain, in striking 
contrast to the foregoing, Nordin considers th~t 95 per cent of the 
population have an intake exceedin& 500 mg. per ~iem.
6 
The low calcium intake situation depicted in the r.antu, 
moreover, i s aggravated by the followinG considerations ~ 
1. Among rural groups, we have found that t he average 
number of children to each mother is nbout six. We do 
not know the calcium content of Bantu infants; however, 
allmring 25 g . calcium per foetus, the loss of c a lcium 
from six pregnancies is about 150 g. Prolonged lactation 
is usual; the mean calciu~ concentration of breast milk 
is normal (28 mg.;1a
28 )i hence f ·or, say, 9 ;_'lonths of 
lactation, the drain of calciwn fo T 5 children (allowing 
for one early death) amounts to about 300 g. Admittedly, 
in urban areas, families '1.re snaller and breast feeding 
curta iled. Nevertheless, by f 2,r the major proportion of 
Bc.ntu rao-i;hers mirnt lose about 400 - 500 g. calcium from 
their several pie .~!ID-:::ies and. long lacta tions. This 
a 111ou.'1 t ;nay well be equivalent to a,t least half of their 
tot~l body c a lcium. In cor_1parison, WhHe mothers with 
2 - 3 pregnar.cies and l a ctating , say, fo~ 3 ~onths , lose 
100 150 g . Thus, t~is physiological loss of calcium is 




At meal time it is traditional for the African male 
to receive 1'.)rGferentia,l treatment ; t:ie p::egnant and 
lactating mother seldom receives special consider,,,tion, 
indeed, in some eth.~ic groups, certain nourishing foods 
are taboo. 
Under t he climatic conditions prevailing, such losses 
of calciur:i as occur fr0:n sweating are likely to be greater 
in Bantu than in 1fhites. 29,30 
Surmn.:trizing, among Bantu (and si:nilarly placed popt1_J.n.tions), 
calcium intake is much lower 9 and among uomen, the physiological drain 
of the element is far gre,1-ter, compared with the situation among Whites. 
These handicaps signify th<:!,t if level of calcium inb.ke be critical in 
osteo';)orosis, then the disease in elderly Bantu should be almost 
inv1.ri.s.ble (.1,t least in fe males) and occur often in 8, severe form. 
Pre~alence of Osteoporosis. Current textbooks on medicine 
. th t . d · t · 1 t · t · 3l-33 in . e ropics an senn- ropics scarce y men ion os eoporosis. 
However, stndies have shown th-i.t the condition certainly occurs among 
local Dantu. 34-38 In Johe.nnesburg , at Barae:wanath Hospital (2,300 beds, 
and servi_r1r": about 7no, 000 persons), a ccordine; to Seftel, 37 ,3B at present 
there is an averP.[Se of about fifty pa.tients admitted to hospital 
annually with clinically severe osteoporosis. Among t he sufferers, 
however, enquiry h;:i.s revealed a numr,e r of remarkable fe2,tures. (1) 
Three quarters :)r !'lore of the pRtien~s ere nna_ar GO years! many beinrr in 
the young mirldle 0..:-;e period . Only abo~t 1;, o_ozen are over 60 ye0,rs. 
(2) Almost all patients are nales. (3) ViT.tually '3.11 have severe 
abno;~;:-ial iron deposition e>r sidero2i8 (from habit 1 ally high iron 
intake39 ,4°). (,1) _,\ bout a qnarter have scurvy. The precise role of 
siderosis in :prrn:1ot i ng osteoporosis is not ye-'c evaluated;36 ,37 that of 
scurvy hF>.s been postul 0,ted. 34-37 ,4-1 ,42 At Lourenco Marques, Mozambique, 
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siderosis is r s.re ann. scurvy ui1.conu'!on; enquiries e,t local hospitals 
indicRte that osteoporosis, at l east of the severe variety, is very 
unusual in Bantu p,,.t ients. Presumably, therefore , the oulk of the 
osteoporosis seen in Johan.11.es'.:-urg Bi=mtu is e, special phenomenon. At 
Cape Town, where siderosis is less corrnon tha::i in Johannesburg, Jackson43 
considers that the Bantu show little or no evidence of skeletal disease . 
In the U.S.A., where 2.b out a fifth of the population aro over 
as stated previously , 
50 years,/ 4 million of the elderly are believed to have clinically severe 
t . 1 os e oporos is; the implicet ion is that about one e lderly person in ten 
is thus affected. In Joh[\.nne s bur0 , the J"e a.re at least 10,000 Bantu over 
65 years. If clinically seve :.:'e osteoporosis is eq1Jally pre valent in 
el erly Bantu and 1--!hites, then severa l h1.mdred Bantu should be suffering 
from the dise~se . If the calcium deficiency hypothesis is ve.lid for 
these people, then many thousands of e l nerly Bantu in Joha..'1.nesburg should 
be severely affected. It cannot be crec~ited that this is so. 
In a.ddi ti.on to the inf orm:t t ion given, there arc other grounds, 
admi ttedly i ndirect, for deeming that osteoporosis may be truly uncommon 
in these people . (1) Bhandarkar and ifordin44 have reported that 20 per 
cent of the osteonorotics studied by them exhibit hyper calciurea. Urines 
from 400 Johannesburg Bantu " pensioners" ( the :nost indigent of Bantu), 
200 from each sex, ha ve been examined for calciurr/creatinine ratio. 
Ag-es ranged from 60 to 90 years, the man being S7 years. Only 3 of the 
400 subjects examined h,::,.d a calcium/creatinine ratio exceeding 0.20 (the 
mean value was 0.065); i.e. only 3 &utjects w0re pypercalciuric according 
to Nordin 1s classification. Hence, a high Ll:!'1.nary excretion of calcium 
is very unusual ill these peo?ie. Ir:cidently, it ma3r be of interest to 
ao.d that si?1-::e hype rcalci1rria is often a ssociated with urolithiasis,45-47 
the lo:,, excre~io11 of cafoium in th,; 1:.rinG 0f :0:mtu is consistent with the 
fact th-:>. t ki drn=i::r a.nd tla.i<ier 0a].cul:i cccur Y8r"J re.rely in these people . 4S 
This 
:A. relatively low excretion oi celc:ium , ia. t'~Q P;r;i ni.,. of course, does not 
8 
exclude the presence of osteoporosis. (2) l1hile some osteoporotic 
patients have benefited. from vitamin D therapy, t~e explanation is still 
. 1 6 9 18 49 a subJect of controversy. ' ' ' ' Be this as it nlE.y, vitamin D 
from :radiation is more ab11ividant in the tropics and semitropics compared 
with cou!ltries enjoying a temperate climate . Ln this respect, it is 
noteworthy that osteomalacia is virtually u .. "YJ.k.nown in the Bantu. (3) 
Although calcium intAke is low, balance experiments performed by us 
on Bantu prisoners , in ag-reement with observations undertaken on similar 
subjects elsewhere ,50,5l show the element to be well absorbed and 
retained, in spite of the possibly adverse influence of a somewhat lower 
protein inteJce, 52 and a higher phytic acid intake, 53 than in Whites, 
Presu:nably rele.ted to this efficient mechanism, we have found, in a 
comparison of mineral matter per unit volume of 5th thoracic vertebral 
bodies of Bantu and Whites, .that the Bantu have higher mineral density. 54 
In this connection, it may be noted that a number of studies have indi-
cated that U.S.li. Negroes have greater bone density than Whites . 55,56 
(4) Increasing importance is being attached to the role of activity in 
promoting calcification.57,58 Undoubtedly, Bantu are ~ore active than 
Whites, although outwe,rdly the only really hard workers are mine -
labourers and women working at the kraals and in the fields. At birth, 
the psychomotor activity of Bantu appears to be mpch greater than that 
of Whites ; 59 furthermore, t here is evidence that the motor fitness of 
children, e,.nd younger and older men, s.s assessed. by the Harvard Step 
60.61 Test, far transcends that of ccrrespond ing Vhi te groups. · The 
be aring of tr,is superiority, hcweve;:-, on the. subje0t 1.mner d.iscussion is 
not lmown. 
From che inforrr.ation d.isc:issP.~ ~ H would seem very doubtful 
whethe1' 0steo:por0.3iti :i_s nbiquit::,u.3 ln old. Eantu, as indeed it should be, 
if a low calcium intake is the prirna ?:'y aetiolog;ic,11 £1:ictor in the disease. 
It must 'Je m:c.de clear, however, that no definitive osteoporosis 
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studies on hospital in-patients, out-patients, ar random Bantu populatiom 
have yet been under-...a.ken. It is possible that t :'lere may be a number of 
old people with fractured vertebrae who tave no :pain, or rain i ;1sufficient 
to cause tnem to seek medical relief , or that the condition is insuffi-
ciently loo·:rnd for at hospital. The s c.1.~ uncertainty may well apply to 
a proportion of old people with mildly fr=,,ctured fe:nurs. It is also 
possible that the p3,in threshold of Bantu is his'her than that of Whites, 
or, alternatively, that in their stoicism, b~ckache may be regarded by 
Bantu as a normal accompaniment of old age. It is still conceivable, 
therefore, that osteoporosis is somewhat com:.1one r in elderly Bantu than is 
suggested by hospital data. 
Thus far, enquiry has been pursued specifically in relation to 
the situation r egarding calcium intake and osteoporosis in a particular 
underprivilc i:;ed Non-Vhite population. The problem of whether osteoporosis 
is a calcium deficiency disease generally will now be enquired into in the 
orthodox manner, that is to say, by the same procedure that the classical 
deficiency diseases have been examined and established as such. 
NUI'RrrimAL DEFICIENCY AND OSTEOPOROSIS . 
According to Yudkin, 62 there are three main diagnostic 
criteria of nutritional deficiency. 
1. There must be evidence of deficient intake or 
utilization, pri.Qk".ry or conditioned, of the rn:.trient. 
2. The signs ani s;vi.uIY~oms must be specific for the 
particula r def iciency. 
3. The condition s~'10· .. ftd be prevent9<l. or cured. when the 
deficiency is me.de good. 
1. Eyjdence of nutritional deficienc_;y. 
Pursuit along this avenue of enquiry is handicapped by the 
fact that the signs and symptoms of calcium deficiency in hu.'Il8.!ls have 
10 
not been defined. Epidemiologically, relevant inf'orma.tion bearing 
on calc it.'lil intake and osteoporosis is meagTe. 
2. Sign_s . and S..YJT1]2t oms. 
Information on these aspects should be forthcoming from 
clinical or laboratory observations. 
(a) Radiological apJ?earance . While osteoporosis is 
characterized by rarefaction of bone, decreased bone 
density can arise from a variety of conditions, including 
osteomalacia, hyperparathyroidism, and thyrotoxicosis. 63 
Some workGrs 9 such as Barnett and Nordin, 64 regard 
bioconcavity of vertebral bodies as characteristic and 
employable as an index of t1:1e frequency and severity of 
the disease . Caldwe11,65 however, in his investigation, 
found severe bioconcavity in 5 per cent of p:i.tients with 
normal vertebral bodies; but he also found the feature 
to be absent in 60 per cent of bodies found to be porotic. 
Vost, 66 too, from his studies has concluded that biocon-
cavity is not a reliable guide to the extent of osteopo-
rosis . Thus, neither bone rarefaction nor bioconcavity 
of vertebral bodies are specific stigmata of osteoporosis . 
(b) Bi~"l.L_and_:e9J3i-mortem atudies of hone . (i) Histo-
pcthological examina tion of bone 'bicpsy ui:-1.terial (e.g. 
from the iliac crest) reveals th&,~ tone depletion does not 
·r , . th , 66-68 cccur u_,u orrn_y in e same uone . (ii) ColJ.apse of 
vertebral bodies is not sper,ific for osteoporosis. The 
situa,tion is m2,de rr..ore confmie c'i in th::tt c0llapsed 
vertebral bodies are not usually contiguous . 68 In 
agTeement with this observntion, we have found normal 
mineral concentration in lumber vertebral bodies of Bantu 
adjacent to bodies with severe collapse and greatly reduced 
11 
mineral concentrations.54 (iii) Caldwe11, 65 in 
vertebral bodies from male 2,nd female having the ~ 
roentgenologic density,. f ocrld tba t there ";as a lower 
0oncentra tion of calcium per unit volume in the bones of 
the females. 'rlrns 1 in addition to the r.on-specificity 
of the roent genological stigmata of osteoporosis, there 
is no4-specificity stemming from the heterogeneity of 
bone, whether from biopsy or necropsy material, whether 
in relation to histopathological assessment or for mineral 
density determinations . The foregoing not only adds to the 
difficulty of pursuing this enquiry, but also adds to the 
of 
difficulty/arriving at the precise prevalence of osteoporo -
sis in different population groups . 
funy investicators,l,G,B,l4,l5,l7, 69 from studies 
admi tted.ly usually short-term and underta}::en on few subjects, 
have reported a high retention of calcium by osteoporotic 
patients compared with "normal" subjects, when ingesting 
l e.r ge amounts of the element. This finding, when combined 
with bone r;:,~refaction noted on X-ray appearance, has led 
to the conclusion th9,t such retentions reflect depleted 
calcium stores and hence provide a major clue of etiological 
importance . '11hree consider11:i; ions, however, Gaut ion 
H.::_'."ains t the ready acceptance of t.h~8 conclusion. (i) 
Excessi v2 retent~on of a nutr lent c.oe s net :necessarily 
indicate pre;r~_ous need . Mos-c adu2-ts can ea.t I!lore food, 
consume Tn0.ce f at , ar.d put on we:i.ght with consummate 
ease; yet the adult body aeldoTI needs these additions . 
In the case of another mineral element, iron, studies on 
\!hi te adults have shown thHt hig-h intakes cause the 
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retention of u.11I1eeded iron.;70,7l among adult Bantu, 
whose diet almos -<; habitually is high in this element 
~argely adventitious , arisi~g from the acid fernentation 
of cereal products in iron containers), concentrations 
of iron in liver and spl9en may reach 5 and 10 per cent 
respectively. The high re-i;cmtion of calcium by 
osteoporotic p~tients, therefore, while suggest ive, need 
not betoken previous need. (ii) The second objection 
f act 
concerns the~ that the evidence that these large 
retentions actually do occur over very long periods is not 
unanimous. While some studies (cited above) support the 
belief, other studies, equally emphatically, support the 
contrary view. Thus, in one recent investigation it was 
found impossible to obtain prolonged positive calcium 
osteoporotics 
bal ance s in osteoporosis with either high calcium intake, 
anabolic hormones, or sodium fluoride.73 In another 
study, in which stools were marked with chromium ses-
quioxide, administro.tion of ca lcium supplements failed to 
caU£Je increased retention of the element .74 The validity 
of the interpretations of long-term balances relating to 
calcium ahd ef other nutrients has been challenged else-
where. 75 No::!'.'din1
1 himself doubts whether the true positive 
balances are as great as the ha1&.nce data indicate. 
T1alm
76 
rega:;:-d:::i 2.s " rr:onstrous" ".;he s1.,c,gesti'.:m -i;hat the 
large a,~cret ions of calci 1.nn clnr,1onstr>J.ted by sor,1e of the 
nit,ject.3 ln his J ong·-term s-1:.ud JJ,·S imply corrosporidingly 
larr,;e increases of new bo;.re. ]',13.lrr, prefeI·s to believe 
in long--1:;e::::-m cycles cf flu.c·clli<.tions of posi-1:;ive and 
ne ga t ivP. calcium bal9.n~es, a vi.eK r:reviously put forward 
by G3rman workers.77 The precise situation regarding the 
retention of ca.lciu,.11 from high intakes of the element 
13 
t herefore remains uncertain. (iii) The third objection 
concerns 
~ t he absence of evidence (epart from two :::-ecent 
. 15.16) t ft studies ' t ':.a t the hie;h reten ion.s clained, even a er 
long periods, improve roentgenologic bone density. 
3. Preventionor rem~y by inc~~s_in.g__intake of 3:Epropriate 
nutrient. 
The third criterion of nutritional deficiency is that the 
condition should be prevented or cured when the deficiency is made good. 
Urist
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has written: "It has not been est8.blished t hat life l ong h igh 
calcium diet is any insurance against osteoporosis; it is possible that 
it may be detrimental in latter life·" . Our knowledge of the clinical 
response of osteoporosis to present therapeutic trea.tments is unsatis-
f actory. Backache itself, the main clinica l feature, is a non-specific 
pe.rancter ; moreover, threshold of pain differs undoubtedly from individual 
t o individual, and possibly between the sexes and r aces. Urist19 has 
stnted that 11 backache caused by fracture often subsides after three weeks 
of healing without a..n.y treatment 11 • In Bantu with osteoporosis involving 
severe frac tures to vertebral bod ies, Grus in and co-workers, 34 ,35 also 
Seftei, 38 found tha t bed r est a lone for 1 - 2 weeks, with no therapy, 
removes pain and renders ambulant a proportion of sufferers . 
Investigations bearing on the relief of pain afforded by therapeutic 
substances, when corn.pa.red with placebos, have been insufficiently 
pursued . The symptomatic relief of rain provided by estro3-eas has been 
used by many observers as a cri t eri or.. of tl:J.e eff P-ct i veness of the therapy; 
ye t the be lief requires criticr .. l examination tiince Scl omon et al. 78 
showed the ther2p;r lar,-rely to be a placebo phenomenon. Cm·:!".'esponding 
s tudies comparing calcinm s1ipplements wi-~h placetos have not been reported. 
Harrison, 79 referring t o :::-elief from back :;?-'::!, in following therapy of 
ca lcium supplements o:;::- sex hormones, has stressed the micertainty con-
cerning how much of the relief is due to a p]acebo effect. It is urgently 
14 
imperative, therefore, by means of long-term studies on osteoporotics to 
elucidate the respooti,re respons-3s J:~ -::iair1 to bed. :res+,~ pJacebos, 
supplements of calc ium 1 and steroins { singly, and in combination)) ond 
other tl:erapeutic mectsu.res . The claims bearing on red med incidence of 
fractures and arrost of osteoporosis 1 f c llrrwing the8e V8.rious treatments, 
also require ca~eful elucidation. 
It will be appar·ant tha t this brief enquiry in relation to 
osteoporosis be ing primarily a calcium deficiency disease, has been in-
c onclusive. Yet the examination kw been :n-'lde along t he same lines 
that have demonstrated inc ontestibly that the classical deficiency 
diseases, also kwas l1ior kor and iron deficiency anaemia , are nutritional 
deficiency diseases . 
EV IDJ~WE , CF A FACIAL on_ ErHNIC FACI'OR _ IN OS'T'EOPOROSIS. 
The corrm1onness of os t eoporos is in Whites, and its apparent 
unconm1onness in U .s .A. Negroes, also in the Non-White population studied, 
raises the question of the existenoe of a raoial or ethnic factor in the 
disease. Smith et al. 67 oonsider that this factor may well be 
i mportant. In their series of 218 ambulatory wot:1en over 45 years 9 none 
was a Negro, a lthough t he patient s ource was a heterogeneous population. 
Evidence bearing on the greater bone density of Negroe s and Bantu compared 
with Whites/4,55 9 56 has already been referred to. 
It is inportant to recognize that t ne r~ are mar.y situations in 
which f .:i.ctor s pronotive of p,J,thology ir. cne po:puJ.ation do not apparently 
evoke the same d.eleterious reB.;:,on~e in otn9:rs . Acccrding to our own 
investigationc~ fK;ur·vy sho·J.lu be cor..mon i n 9~ena tm·ely weaned urban 
Bantu infants 1 yet the disease ::.s extrema l;y rare, and would seem in fact 
to be commor1c r in \,Jhite iafants. 
80 
Among s ophisticated Bantu, we believe 
tha t myoca:;'.'dial i:rifar(:ti')n ocotu·s far l ess :requer.tly than. would be 
. 80.81 predicted. Among Bantu E'lco:t,.olics, the fa.tty liver of cirrhosis is 
80 f Rr less c omr.ion than would be expected. In tl:e United Sta.tes, perhaps 
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parado:x:ically, the mu.ch gre;,_,ter prevalence of hypertension and 
hyperter..si ve heart. disea.se in Ne .3T00s compe.red ·-1ith Whites still awaits 
1 t . 82 oxp ana ic,n. Lower,stein83 h .-:"3 ::-ecer.tl;y st::i.tad (in n~gard of corona.ry 
heE'.rt disease) -<;he.t factors "t:12-t may be harmful in one pToup may be 
This 
hermlqss in another" . '!lfte wrijer ha.e rut f orward that there are 
definite lidt,:>/cJ.or.s attac;1eu. to the application of lessons learnt fron: 
unoerprivileged Hor.. --:White to vlh::.te po:puldions . 84 At prese:::i.t, t1'erefore, 
it uould "'.Je unwise to exclucle the or.Jere.ti on of a racial or ethnic factor 
in bone calc :;,..f :.cr.t ion. '"'-1 
8 5 ,, t· · · :--.no.' · d s that because .·ft m er.ares n1s view -cc. cons1 er 
unc1-erp:ri7:i.le;:;-ed people )s·L'.Ch as Bnntu}, apparently do not evince the high 
prevalence of osteoporosis to be expected, this certainly does not disprove 
tha t level of calciuTTJ. intake may be an important factor in the etiology of 
the condition as seen in weste rn popula.t ions. 
F UT UR E R E S E A R C H. 
\{hat studies shov.ld be 1mderkken to elucidate the factors 
responsible for the causation of osteoporosis? The F .Jt . O. - W. H. O. 
~~x:pert Group 011 Calcium Requirements
86 
m2.de nume rous recommendations 
for future rese2.rch. It is ccmsiderec. tbat perhaps the most rewarding 
~venues of approa ch may be as follrn-1s:-
1. The first need 1s to establish the prevalence of 
roentgenologic bone r E.refaction due to csteoporosis in 
different pop'J.lo t ::.or. [.,To1:;ps , em:;:,loying metho:ls and 
criteria wi:11011 can be usci in d.iverse ccuntries, 
esr,eci3.lly by vorkers in re15ion8 ,dtr. limited resources. 
Tl:e methods, etc. , cou.li be la.io.. a.own in a manner similar 
tc tho.se reeor:.L"7l.ended internu:tione,lly for the collection 
and [,rr , .ding of arterial tissue . 87 It woald be highly 
desiraole, moreover, f or a representative proportion of 
roentG°9nograms (as well as all the relevant clinical, 
2. 
16 
pathological~ and other information) to be made 
available to reference centres for critical comparative 
assess111ent, as is practiced in interra.cia.l stud.ies on the 
grR.ding of arterial tissue now being lmdertaken at New 
88 89 Orleans, Bostc,n, a".ld e lsewhere . 
Since eviden:)e si.lggests th:1t an ethnic or racial 
f ac·boT r:iFLy be involvecl, mea,sm·ement of physicA,l density 
J..."ld other cbs erv2. tions should be made on bones from 
different r acial groups, ano. exo.mined again preferably 
a t r eference centres. 
The third urgent need concerns the careful long-
term assessment or' the clinical and other responses to 
calcium and other therapeutic substances and placebos. 
Only by concerted means will it be pos sible to solve the 
"riddle" of osteoporosis, 79 and thus learn of the extent of the r~le 
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Studies in Human Mineral Metabolism 
1. THE EFFECT OF BREAD RICH IN PHYTATE PHOSPHORUS ON THE METABOLISM 
OF CERTAIN MINERAL SALTS WITH SPECIAL REFERENCE TO CALCIUM 
BY A. R. P. WALKER, F . W. FOX AND J. T. IRVING, The South African National Nutrition 
Council, the South African Institute for M edical Research, Johannesburg, 
and the Department of Physiology, University of Cape Town 
(Received 4 September 1947) 
The discovery that phytic acid forms relatively in-
soluble salts with several of the common bases, that 
are of importance in our diet, has led to several 
investigations in which the availability of these bases 
has been determined with varying intakes of phytic 
acid. The conclusions drawn from such work have 
been somewhat contradictory: thus, whilst all ob-
servers are agreed that the addition of a consider-
able amount of phytate P is invariably followed by 
an immediate reduction in the amount of Ca retained, 
some investigators have suspected, and others are 
emphatic, that, given time, an adaptation to such 
a change can occur, and that eventually the body is 
able to adjust itself fairly satisfactorily to the new 
conditions. 
Obviously laboratory investigations must event-
ually be reconciled with what happens in everyday 
life, and a consideration of those human diets which 
are rich in cereals and hence in phytic acid, yet poor 
in Ca, lends a considerable amount of supe,ort to the 
view that some such process of adaptation must in 
fact take place. Otherwise it is difficult to explain 
how the consumers a void the disastrous consequences 
which would arise if part or the whole of this Ca were 
rendered unavailable. 
For two reasons this issue is of particular im-
portance to a country like South Africa. In the first 
place the large majority of the population, including 
most of the non-Europeans and not a few of the 
poorer Europeans, live on just such a diet as has 
been mentioned above. Secondly, in 1941, a com-
pulsory Standard War Bread, made from 95 to 100 % 
extraction meal, was introduced and is still the only 
kind of bread allowed to be baked. 
As a result of the work published by McCance & 
Widdowson (1942), the South African National 
Nutrition Council decided that it was imperative to 
study the problem under local conditions. For this 
purpose balance experiments, similar to those 
described by these workers, were initiated to observe 
the effects of breads made from high and low 
extraction meals upon mineral metabolism in 
adult male subjects. 
EXPERIMENTAL 
Plan of the experiments. The intake and excretion of Ca, 
Mg, total P, phytate P and Fe, were determined on four 
healthy adult European males, over periods ranging from 
3 to 19 consecutive weeks. 
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The experimental periods were planned as follows: 
A, from 1 to 2 weeks on the usual everyday diet; B, from 
4 to 9 weeks on a diet which contained 1 lb. of Standard 
War Bread (experimental diet no. l); C, from 1 to 4 weeks 
in which the war bread was replaced by 1 lb. of white 
bread (70% extraction; experimental diet no. 2). For the 
first subject only the first two of these periods were 
observed, as this part of the experiment was of a pre-
liminary nature carried out to gain acquaintance with the 
procedure. 
The balance procedure and the analytical methods em-
ployed followed those described by McCance & Widdowson 
(1942), except in the following details: (i) Tap water was 
used throughout. (ii) Experience showed that the analytical 
procedure was facilitated by keeping the food samples 
separate for the following groups: milk, drinks, fatty foods, 
eggs, bread, and the remaining foodstuffs, i.e. soup, meat, 
vegetables, fruit, puddings and so forth. To obtain a 
thoroughly representative sample this last group was taken 
to dryness and finely ground. (iii) The total faeces for the 
week were also taken to dryness and finely ground before 
sampling. 
Subjects. Three of the subjects were research biochemists 
and the {ourth a reliable laboratory technician. During the 
investigation they lived in their homes and pursued their 
usual avocations. Health remained excellent in all cases 
throughout the investigation; no digestive or other dis-
turbances were reported, and fluctuations in weight were 
insignificant. Some inconvenience was experienced in con-
suming the required amount of bread, but apart from the 
tedium inevitably associated with the daily weighing of all 
foods, etc., 'no difficulties were encountered. 
RESULTS 
Phytate-phosphorus content of meal and bread 
Analysis of 12 samples of our meal showed that it 
contained an average of 205 mg. phytate P / 100 g. 
as compared with 214 mg. found for the overseas 
92 % extraction product. In addition, when samples 
of bread obtained from bakeries throughout the 
country were analyzed, it was found that the average 
figure for 33 loaves was 50 mg. phytate P for 100 g. 
of fresh bread, as against 'about 100 mg.' found by 
McCQ.nce & Widdowson. Hence our meals were not 
only no richer in phytate P, but evidently a far 
greater destruction of this substance had occurred 
during the baking than in the case of the British 9 2 % 
extraction loaf. 
For the sake of brevity the terms 'brown' and 
'white' breads are employed when referring to 
the 95-100 % and the 70 % extraction breads 
respectively. 
Results of balance experiments 
In view of the recent findings of Steggerda & 
Mitchell (1946b) that faecal Ca may not represent 
only unabsorbed Ca, attention has been focused 
solely upon the daily balance of the various elements. 
Calcium metabolism 
The results are given in Table 1. 
A. Periori, on the usual diet. This period was in-
cluded in order to evaluate the subject's nutritional 
state before the experimental diets were given. It 
will be seen that the subjects A.W., L.0. and L.G. 
were all in slight positive balance. 
B. Experimental diet no. 1. The subjects were 
required to consume 1 lb. of Standard War Bread 
daily, but otherwise they were permitted to eat 
what they liked, except that the total Ca intake was 
regulated by adjusting the amount of milk and 
cheese consumed so as to comply with the require-
ments based on body weight (10 mg./kg. daily; 
seep. 458). 
Subject F.F. As mentioned above, this study was 
of a preliminary nature. The subject immediately 
went into negative Ca balance, which however 
became less as the experiment proceeded. It was 
this fact, together with the gradual improvement in 
the amount of Ca retained, which made us realize 
the necessity for continuing our observations for 
prolonged periods. Accordingly it was decided to 
commence a more lengthy study, during which the 
degree of adjustment to each change in diet could be 
followed as quickly as analytical determinations of 
Ca would permit. In practice it was found possible 
to be not more than 1 week behind with these deter-
minations. This enabled us fo decide when a steady 
state had been reached, so that the next part of the 
investigation could be safely proceeded with. 
Subject A. W. Forno less than 4weeks this subject 
remained in continuous negative balance ( designated 
period B1); this was followed by a further 5 weeks 
(designated period B 2) during which the balance 
was continuously positive, or almost positive. If 
McCance & Widdowson's (1942) suggested limits of 
significance of ± 25 mg./day are accepted, this sub-
ject may be regarded as having reached a state of 
equilibrium. 
Subject L.O. This subject needed 5 weeks to adjust 
to the new diet (period B1 ) and he then remained in 
equilibrium for the following 3 weeks (period B 2). It 
must, however, be mentioned that he experienced 
some difficulty in consuming the full 1 lb. of war 
bread daily, and hence his intake of other foods 
tended to suffer. In order to supply the daily re-
quirement of Ca estimated on body weight, a small 
additional allowance of milk was therefore permitted 
after the 5th week. 
Subject L.G. This subject proved of particular 
interest to us, since his Ca intake on his usual diet 
was found to be only just adequate for maintenance. 
With the experimental diet his Ca intake remained 
unchanged, and hence, unlike the other subjects, he 
only had to adjust to the increased ingestion of 
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required only 3 weeks to reach equilibrium. After 
2 weeks of positive Ca balance it was considered 
permissible to proceed with the next experimental 
diet. 
C. Experimental diet no. 2. Subject A. W. Before 
passing on to the white-bread diet, this subject for 
a period of 4 weeks was given a diet in which the Ca 
supplied by the war bread was replaced mainly from 
milk. The supply of calories was maintained by 
means of white rolls and extra potatoes (period 0 1 ). 
The amount ofphytate P was thus very considerably 
reduced, although not as much as might be expected, 
since white rolls contain more of this substance than 
white bread made from the same flour. The Ca 
retention of the first balance period on this 
diet was the same as that of the last of the 
previous series. Thereafter the balances became 
more positive. 
After this period of 4 weeks, the subject was 
placed on a diet in which the rolls and extra potatoes 
were replaced by 1 lb. white bread (period 0 2). It 
will be seen that the retentiqn of Ca was hardly 
affected. This period was continued for 4 weeks, and 
the consistency of the results showed that the subject 
was well adjusted to the change .. 
Subjects L .O. and L.G. changed over directly to 
the white-bread diet without the intervening period 
0 1 • (It is unfortunate that, for reasons beyond our 
control, both L.O. and L.G. inadvertently consumed 
slightly more Ca than had been intended.) L.O. 
showed a slight improvement in Ca retention, while 
L.G. was virtually in equilibrium in the single 
balance period in which he was studied. 
Magnesium metabolism 
TheintakeofMg,aswill be seen from Table 1, even 
on the white-bread diet, was always ample for main-
tenance, i .e . it exceeded 250mg. daily, the standard 
suggested by Duckworth & Warnock (1942). 
McCance & Widdowson's (1942) subjects were in 
equilibrium throughout their experiments, but we 
found, on passing from the usual to the brown-
bread diet, that two of our subjects began to lose 
more Mg than they ingested. As with Ca, however, 
Mg retention gradually improved. The urinary ex-
cretion of Mg was markedly increased during part of 
the brown-bread-diet period. During the white-
bread period, the same total amount was retained 
as in the previous period, although the intake was 
only half of that on the brown-bread diet. The 
possible effect of variations in the Mg intake upon 
the utilization of Ca is referred to in a later section. 
Total phosphorus metabolism 
F<?r the sake of brevity the metabolism data for 
total P and phytate P have been given in Tables 2 
and 3 as averages for the different dietetic periods. 
This course was adopted because the weekly figures 
during those periods differed little from one another. 
The metabolism of total P showed least disturb-
ance of all the elements studied with the changes in 
diet. Although the amount consumed on the white-
bread diet was less than that on the brown-bread 
diet, the retention rose somewhat. McCance & 
Widdowson (1942) found the same balance with 
either type of bread. 
Table 2. The daily intake, excretion, and retention of total phosphorus 
from the usual, brown-bread, and white-bread diets 
Period Total 
Intake Urine Faeces excretion Balance 
Duration Designation Diet consumed* (mg.) (mg.) (mg.) (mg.) (mg.) 
(days) Subject F.F.* 
3 A Usual diet 1520 650 2170 
22 B Brown-bread diet 885 1435 454 1889 4 
(weeks) SubjectA.W.* 
2 A Usual diet 1620 1020 542 1562 + 58 
4 B1 Brown-bread diet 1415 870 529 1399 + 16 
5 B2 Brown-bread diet 1380 862 483 1345 + 35 
4 01 Diet of milk, white rolls and potatoes 1107 760 291 1051 + 56 
4 c. White-bread diet 995 685 239 924 + 71 
Subject L.O.* 
2 A Usual diet 1495 740 752 1492 + 3 
5 Bi Brown-bread diet 1559 1022 579 1601 - 42 
3 B2 Brown-bread diet 1716 1008 663 1671 + 45 
3 C White-bread diet 1178 705 395 1100 + 78 
Subject L .G.* 
1 A Usual diet 1600 1000 560 1560 + 40 
4 B Brown-bread diet 1825 1097 769 1866 - 41 
1 C White-bread diet 1540 930 500 1430 + 110 
* For fuller details sec Table 1. 
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Table 3. The daily intake, excretion, and retention of phytate phosphorus 
from usual, brown-bread, and white-bread diets 
Phytate Period 
Intake Faeces hydrolyzed 
Duration Designation Diet consumed* (mg.) (mg.) (%) 
(days) Subject F.F.* 
3 A Usual diet 135 
22 B Brown-bread diet 425 56 87 
(weeks) Subject A.W.* 
2 A Usual diet 178 65 64 
4 Bi Brown-bread diet 289 33 88 
5 B, Brown-bread diet 280 24 91 
4 01 Diet of milk, white rolls and potatoes 84 26 69 
6 91 4 o. White-bread diet 70 
Subject L.O.* 
2 A Usual diet 142 53 63 
5 Bi Brown-bread diet 289 26 90 
3 B2 Brown-bread diet 345 38 89 
3 0 White-bread diet 41 22 46 
Subject L.G.* 
1 A Usual diet 105 60 43 
4 B Brown-bread diet 315 63 80 
1 0 White-bread diet 90 50 44 
* For fuller details see Table 1. 
Table 4. The daily intake, excretion, and retention of iron, from usual, brown-bread, and white-bread diets 
Period Total 
Intake Urine Faeces excretion Balance 
Duration Designation Diet consumed* (mg.) (mg.) (mg.) (mg.) (mg.) 
(days) Subject F.F.* 
3 A Usual diet l ·O 20·5 21·5 
22 B Brown-bread diet 26·1 0·4 24·6 25·0 +1-1 
(weeks) Subject A.W.* 
2 A Usual diet 20·5 0·5 19·7 20·2 +0·3 4 Bi Brown-bread diet 26·0 0·4 25·0 25·4 +0·6 5 B, Brown-bread diet 23·9 0·7 22·7 23·4 +0·5 4 01 Diet of milk, white rolls and potatoes 14·4 0·2 13·5 13·7 +0·7 
15·2 4 o. White-bread diet 16·0 0·2 15·0 +0·8 
Subject L.O.* 
2 A Usual diet 14·3 1-1 13·0 14·1 +0·2 5 Bi Brown-bread diet 19·2 1·3 17·9 19·2 ±0·0 3 B, Brown-bread diet 23·1 0·9 21·8 22·7 +0·4 3 0 White-bread diet 15·1 1·3 13·1 14·4 +0·7 
SubjectL.G.* 
1 A Usual diet 18·3 1·2 16·2 17·4 +0·9 4 B Brown-bread diet 25·8 1·4 24·1 25·5 +0·3 1 0 White-bread diet 22·7 2·7 19·0 21-7 +l·O 
* For fuller details see Table 1. 
Phytate-phosphorus metabolism 
When the Ca intake was high and that ofphytate 
P comparatively low (i.e. on the usual diet), an 
average of 59 % of the phytate P was hydrolyzed, 
whereas when the Ca intake was just adequate for 
maintenance and phytate-P intake high, an average 
of 84 % was hydrolyzed. Judging by the conclusions 
reached by Harrison & Mallanby (1939), one might 
argue that in the absence of an abundance of Ca, 
the phytate P forms more readily hydrolyzable !')alts 
with bases such as Na and K. The condensed arrange-
ment of the tables, however, masks the interesting 
fact that, after the change from the usual to the 
brown-bread diet, the amount of phytate P hydro-
lyzed reached its maximum extent immediately, 
without the incremental steps of adjustment found 
for Ca and Mg. 
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Iron metabolism 
Following the suggestion made by McCance & 
Widdowson (1942), we carried out Fe balances for 
each subject, mainly because they afforded a simple 
' means of checking the accuracy of the experimental 
procedure, more especially the marking off of the 
different faecal periods. The results (Table 4) show 
that the consumption of brown bread did not affect 
the amount of Fe retained. Such a conclusion would 
tend to support the work of several investigators 
who have found that the consumption of higher 
extraction breads had no deleterious effect upon the 
retention of this metal. 
DISCUSSION 
Environment 
When a comparison is made between the experi-
ments of McCance & Widdowson ( 1942) and our 
own, it should be pointed out that the present study 
extended over the different seasons. Owing to our 
climatic conditions, the subjects not only consumed 
food which had been fully irradiated by the sun, 
but were themselves continuously exposed to bright 
light at an altitude of approximately 6000 feet. 
There was thus this difference between the two 
studies, but, as shown by the very full review given 
by McCance & Widdowson, there is little evidence to 
suggest that the addition of vitamin D to the diet 
of healthy adults has any appreciable effect upon the 
absorption of Ca. 
Calcium balances 
At the outset we desire to draw attention to 
certain sources of error inherent in balance studies of 
this particular kind, which do not always appear to 
be sufficiently appreciated. 
In recent years evidence has been accumulating 
that, when an individual who is habituated to one 
level of Ca intake is suddenly placed on a lower 
level, a period of adjustment is inevitable and may 
even be somewhat prolonged (Nicholls & Nimala-
suriya, 1939; Cathcart, 1940; Steggerda ·& Mitchell, 
1941; Kraut & Wecker, 1943) . According to these 
workers the time taken to reach a steady state at the 
new level of Ca intake depends upon the magnitude 
of the difference between the two levels. It must also 
depend upon the extent to which the new supplies 
of Ca are available. Thus, if the reduction of the Ca 
intake is accompanied by an increase in the phytate-
p intake, the negative balances following such 
changes cannot be interpreted as being solely due 
to the interfering effects of the phytate P. 
Also, when passing from a high to a lower Ca 
intake it is necessary to insure that at least enough 
Ca is provided to satisfy the minimum requirements 
of the individual concerned. Otherwise the negative 
balances that will be observed are likely to be due to 
what may be termed an 'excretion momentum', in 
addition to any effects arising from a change in the 
availability of the supply. The difficult question of 
what constitutes a minimum daily requirement of 
Ca has recently been the subject of intensive study 
by Leitch (1937), Holmes (1945) and more especially 
Mitchell and his associates (Mitchell & Curzon, 
1939; Steggerda & Mitchell, 1939, 1941, 1946a). 
These workers have reached substantial agreement 
with a figure of about 10 mg./kg. body weight, and 
we accordingly adopted this standard when planning 
our experiments. . 
Furthermore, in the reports given by some in-
vestigators the experimental periods are interrupted 
by days or weeks during which the food consumed 
is not specified. Unless the same level of Ca intake 
is maintained it seems inevitable that such inter-
ruptions will affect the subsequent observations. 
Lastly, there are other workers who employ such 
short experimental periods, and change the diets 
so frequently, that it is questionable whether the 
body has time to adjust itself to one diet before the 
next is taken. An extreme example of this is to be 
seen in the study reported by Wang, Liu, Chu, Yu, 
Chao & Hsu (1944), where, within the space of 
38 days the diet was changed no less than twelve 
times. 
The assimilation of calcium in the presence of phytic 
acid 
Although our main experiments were carried out 
on only three subjects, the results obtained con-
firmed one another. 
It is not easy to compare our findings with those 
reported by other observers because of the com-
paratively short experimental periods usually em-
ployed by them. Thus, whilst the experiments re-
ported by McCance & Widdowson (1942) lasted 
intermittently over 9 months, the actual periods of 
continuous observation were usually 3-4 weeks. 
These workers were emphatic that there was no 
indication of any adaptation occurring. Similarly, 
the experimental periods employed by Krebs & 
Mellanby (1943) lasted for 4 weeks; but it is worth 
noting that before the experiments on the 85 % 
extraction bread terminated, one of their six 
volunteers (no. 3) was already showing improvement 
in the retention of Ca and finally reached equilibrium. 
In their recent experiments with children, Hoff-
J 0rgensen, Andersen & Nielsen ( 1946) suspected that 
the retention of Ca was gradually improving with 
time. (We presume, although this is not stated, that 
the same diet, rich in phytic acid, was continued 
during the short intervals that occurred between 
their 5-day periods.) Indeed, had we discontinued 
our observations after 3-4 weeks on the high-
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very similar to those obtained by these three groups 
of investigators. 
Combining our own evidence with that already 
available, we suggest the following: subjects passing 
abruptly from their usual diet to one containing less 
Ca and much more phytate P show an immediate 
negative Ca balance. As the body becomes accus-
tomed to such a diet, the retention of Ca improves, 
so that, given time, equilibrium again occurs and the 
losses of Ca are slowly made good. The period of 
adjustment is shorter, and the loss of Ca is less, if the 
disparity between the usual Ca intake and that of 
the experimental diet is small. 
Evidence available from studies made on individuals 
habituated to diets high in phytate phosphorus and low 
in calcium. 
There is, however, another method of approach 
which throws valuable light on the whole problem. 
Instead of placing a few selected individuals on 
prescribed diets and then observing how they adjust 
themselves to the new conditions over shorter or 
longer periods (which for obvious practical reasons 
can never be really very prolonged relative to the 
life span), it ought to be possible to gain more 
reliable information by studying people who, through 
force of circumstances, are compelled to subsist for 
long periods on diets which are very rich in phytate 
P and very low in Ca. Some of the few available Ca 
balance studies that are on record for such people 
have been assembled in Table 5. 
Although we have deliberately selected examples 
where the Ca balances were positive, it may be 
stated that this obtained in all the cases reported by 
Nicholls & Nimalasuriya (1939); in two out of the 
five cases reported by Henderson & Kelly (1929-30) 
for boys on prison diet; in two out of four adult 
cases on the same type of diet (Kelly & Henderson, 
1929-30); and in two out of the three subjects 
studied by Basu, Basak, & Sircar (1939). This must 
presumably indicate that such positive balances 
occur fairly frequently. Even the survival of these 
individuals on such diets is remarkable. That they 
are somewhat shorter and lighter than well nourished 
Europeans is admitted, but with a diet lacking in so 
many other respects it is hardly fair to attribute this 
solely to a lack of available Ca. As far as our rural 
South African Bantu a.re concerned there is not 
much evidence of poor skeletal calcification, whilst 
the teeth are often well formed and sometimes re-
markably free from caries. Thus in a recent careful 
dental survey carried out on some 1000 Bechuana.-
land children, whose diet consists ma.inly of Ka.ffir 
corn, no less than 70 % were fotmd to be free from 
all signs of caries. Equally striking results have been 
reported by Wilson & Widdowson (1942) for Indian 
children. 
It must be admitted that such observations cannot 
easily be reconciled with orthodox opinions; how-
ever, we do not consider it satisfactory to dispose of 
them as being due to racial differences, but think 
rather that they reflect an adaptation which any 
human being may be capable of making under 
similar circumstances. That somewhat similar 
adaptation can be achieved by Europeans is suggest-
ed by the experience of the French people during the 
occupation. They consumed a diet extremely low 
in Ca and including high-extraction bread (Paris 
Table 5. Examples of positive calcium balances observed with non-Europeans of different races 
when consuming their typical cereal diets, rich in phytate phosphor·us and .low in calcium 
Diet and authority 
(1) Nicholls & Nimalasuriya (1939). Sinhgalcse 
children consuming usual diet of cereals, 
legumes, roots and vegetables 
(2) Henderson & Kelly (1929-30). Bantu boys 
consuming long term prison diet including 
l ·5 lb. maize, beans, potatoes, fat and meat. 
Average of two 4-day periods taken during a 
21-day study 
(3) Kelly & Henderson (1929-30). Bantu 
adults consuming diet almost the same as in 
(2). Average of a 4-day period taken once 
during a 42-day study. Prison diets (2) and 
(3) both resembled diets commonly consumed 
(4) Basu et al. (1939). Indian adults. 
Diet (a) included 400 g. rice; average of 
6-day period. Diet (b) included 600 g. 
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letter, 1942), but it is claimed that the decalcification 
which might have been expected did not take place 
(Paris letter, 1946). 
It is possible that some similar process of adapta-
tion had occurred, though to a lesser extent, in our 
subjects, since for several years the inhabitants of 
South Africa have been restric.ted solely to the use 
of high extraction bread, and hence some degree of 
habituation to it may have occurred. This· capacity 
for adjustment may well have been lacking in the 
subjects studied by McCance & Widdowson (1942). 
The mechanism of adaptation to diets with a high 
phytic acid content 
This adaptation can be explained in two ways: 
one based on our knowledge of the chemical changes 
which phytates may undergo in the intestine, the 
other on the body's known ability to adapt itself to 
a lower intake of Ca. 
(a) The digestion of phytate phosphorus. Most 
workers seem to agree that phytate P and Ca com-
bine to form an insoluble salt in the intestine. Thus 
Harrison & Mellanby (1939) from their work on 
puppies remark: 'It is not possible to say whether 
such actual precipitation occurs under the con-
ditions present in the gut, but it seems not unlikely.' 
McCance (1946), discussing the position as far as 
humans are concerned, concludes that phytic acid 
'precipitates Ca in the intestine and by so doing 
prevents its absorption'. Assuming that the pH 
values in the intestinal tract of man resemble 
those observed in the pig, M0llgaard, Lorenzen, 
Hansen & Christensen (1946) conclude that 'phytic 
acid may precipitate Ca even in the first part of the 
small intestine thus causing a serious fall in its 
absorption'. Hence the consensus of opinion is de-
finitely that the precipitation of Ca by phytic acid 
occurs, and the fact must therefore be accounted for 
that much of this Ca is eventually absorbed. 
There is general agreement that some degree of 
hydrolysis ofphytate P occurs in the digestive tract. 
This has been demonstrated for pigs, rats, dogs and 
hens. Similar results for man have been reported by 
McCance & Widdowson (1935), Wang et al. (1944), 
Cruickshank, Duckworth, Kosterlitz & Warnock 
(1945), and recently for babies and children by 
Hoff-J 0rgensen, Andersen, Begtrup & Nielsen (l 946) 
and Hoff-J0rgensen, Andersen & Nielsen (1946). 
As far as animals are concerned, the extent to 
which hydrolysis occurs appears to depend on the 
level of the Ca intake, e.g. for rats, hens and dogs 
it has been found that the lower the Ca intake the 
greater the amount of phytate P hydrolyzed. Like-
wise for man Cruickshank et al. (1945), in a study in 
which the cereal employed was oatmeal, found that 
the amount of phytate P hydrolyzed was inversely 
proportional to the Ca intake. Similar results are 
reported in the present paper. 
At present there are two views as to how this 
hydrolysil? is brought about in man. Some maintain 
that it is due to the action of the intestinal flora in 
the digestive tract, whilst M0llgaard et al. (1946) 
insist that hydrolysis can only occur when the diet 
contains a specific enzyme, which they regard as 
being normally destroyed when food is cooked. 
Both in the case of animals and man there seems 
to be no difference of opinion that at least a pro-
portion of the P liberated by hydrolysis is absorbed. 
The question at issue is whether hydrolysis occurs at 
such a level as will also permit of the liberated Ca 
being absorbed. 
It has been shown that under certain circum-
stances this does take place in the case of pigs, rats, 
hens and dogs, and it is of interest to note that 
Hoff-J 0rgensen, Andersen, Begtrup & Nielsen ( 1946) 
conclude from their experiments on children 'that 
a small part of the Ca which was precipitated as 
Ca phytate was absorbed'. Similarly, Wilson & 
Widdowson (1942) reviewing their Indian obser-
vations, where they were dealing with diets which 
contained a great deal more phytic acid P than was 
sufficient to precipitate all the Ca present, came to 
the same conclusion. 
A further interesting point arises from a con-
sideratiop. of the part Mg may play in this con-
nexion. It is more than likely that the phytate P 
precipitates in the intestinal tract a compound 
which is not solely the Ca salt, as seems to be assumed 
by Hoff-J0rgensen (1946), Hoff-J0rgensen, Ander-
sen, Begtrup & Nielsen (1946) and Hoff-J0rgensen, 
Andersen & Nielsen (1946). Both Harrison & 
Mellanby (1939) and McCance & Widdowson (1942) 
have shown that when precipitation occurs in vitro 
in the presence of both bases, a mixed phytate is 
formed containing approximately equal equivalents 
of Ca and Mg. The latter workers, who attempted to 
simulate the conditions which occur in the intestinal 
tract in regard to pH value, are of the opinion that 
a precipitate of this nature is likely to be formed. 
Obviously this is an important point, for it would 
decide the amount of Ca made less available by a 
given amount of phytate P. Our own results tend 
to support the proposition that phytic acid reacted 
with Mg as well as with Ca. 
(b) The ability of the body to adapt itself to a lowered 
calcium intake. Irrespective of the composition of the 
diet, it is now well known that the body can adapt 
itself to a Ca intake often well below 10 mg.Jkg. body 
weight daily. This has been stressed by Nicholls & 
Nimalasuriya (1939), Owen, Irving & Lyall (1940), 
Steggerda & Mitchell (1941, 1946a) and Kraut & 
Wecker (1943). This adaptation, in the present ex-
periments, was not due only to increased hydrolysis 
ofphytate, since the increased hydrolysis took place 
immediately the brown-bread regime was instituted, 
whereas the adaptation was gradual. 
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The ability of the body in this respect has been 
well summarized by Steggerda & Mitchell (1941) as 
follows: 'It appears that in the presence of an 
inadequate supply of any nutrient, including Ca, 
the body can adjust itself to the situation, either by 
a more economical use of what little is available, or 
by a lowering of its own requirements, so that 
eventually it comes into equilibrium with the limited 
food supply.' These writers (Steggerda & Mitchell, 
1946a) consider that no harm can come from such 
an adaptation, provided the Ca intake is 10 mg./kg. 
body weight daily. 
This work was originally undertaken to find out 
if the results of McCance & Widdowson (1942) 
applied in South Africa. It is evident that our 
results confirm those of these workers in so far as 
we have shown that a high-brown-bread regime 
renders a certain amount of the dietary Ca less 
available. However, further evidence shows beyond 
doubt that the body can adjust to this lessened 
availability, and that the consumption of such a diet 
over long periods has no deleterious effect upon Ca 
metabolism. 
SUMMARY 
1. The metabolism of calcium, magnesium, phos-
phorus, phytate phosphorus, and iron has been 
followed in three healthy adult European males for 
periods lasting from 7 to 19 consecutive weeks. 
During this time the subjects consumed (a) their 
usual diet, (b) a diet including 1 lb. of bread made 
from 95 to 100 % extraction meal, and (c) a diet 
including 1 lb. of bread made from 70 % extraction 
meal. During dietary periods (b) and (c) the daily 
calcium intake was restricted to a level of approxi-
mately 10 mg.Jkg. of the subject's body weight. 
2. When the subjects passed abruptly from their 
usual diet to one containing much more phytate 
phosphorus and, in two cases, less calcium, they 
showed an immediate negative calcium balance. 
3. As they became accustomed to such a change, 
the retention of calcium improved, so that, given 
time, equilibrium was again reached and the losses 
of calcium were slowly made good. 
4. The period of adjustment was shorter, and the 
loss of calcium was less, if the disparity between the 
usual calcium intake and that from the experimental 
diet was small. 
5. The lower the calcium content of the diet, the 
greater was the amount of phytate phosphorus 
hydrolyzed. 
6. The results are tentatively explained as being 
due to hydrolysis of the calcium and magnesium 
phytate at such a level in the digestive tract as to 
permit of the calcium being subsequently absorbed, 
and to a gradual adaptation of the body to a lowered 
intake of available calcium. 
7. In two of the subjects, the retention of mag-
nesium was at first lowered by the diet containing 
more phytate phosphorus. It was considered that 
this might be due to the precipitation of magnesium 
by the phytic acid. Later, while the subjects were 
still on this regime, magnesium retention improved, 
and changed but slightly when the phytate phos-
phorus of the diet was lowered. 
8. The retention of total phosphorus was at first 
lowered in two of the subjects by the addition of 
phytate phosphorus to the diet, but subsequently 
improved. It improved still further in all subjects 
when the phytate phosphorus of the diet was 
reduced. 
9. The retention of iron was virtually the same 
with high and low phytate-phosphorus diets. 
10. Cereal diets rich in phytate phosphorus and 
low in calcium are commonly consumed in various 
parts of the world; consideration of what must occur 
under these conditions, together with an examina-
tion of the small amount of relevant experimental 
evidence available, lends a considerable amount of 
support to the conclusions reached in this paper. 
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CEREALS are so important to human nutrition that any 
nutritional drawback attached to their consumption is a 
matter of more than academic interest. Within the last 
few decades it has been shown that cereals and certain 
cereal products contain a substance, recently identified 
as phytic acid, which has an anticalcifying action in dogs. 
Briefly, the belief is that, under certain conditions, this 
acid precipitates dietary calcium in the intestinal tract, 
and, by reducing the amount of calcium available for 
absorption, restricts growth and even causes rickets. 
This anticalcifying effect, so readily demonstrable in 
dogs, has been accepted widely as obtaining in man 
(British Medical Journal 1943, Medical Journal of 
Australia 1948, Hawk et al. 1949, Shafar 1949, Fearon 
1948, Carter and Thompson 1949). One practical result 
has been that in Great Britain, during the war and 
thereafter, calcium carbonate has been added to the 
lightly milled bread flour to compensate for the deleterious 
effect of its relatively high content of phytic acid. In 
this paper experimental and field evidence on the 
subject is discussed, and an attempt is made to 
determine whether the anticalcifying activity of phytic 
acid is of practical importance in human nutrition. 
Experimental Evidence 
Using puppies, Mellanby (1921, 1925) demonstrated 
that cereals could be graded in their anticalcifying 
activity ; he found that more severe rickets developed 
when the diet consisted mainly of oatmeal, maize, or 
whole-wheat fl.our, than when equal amounts of either 
white flour or rice was substituted for these. From later 
experiments, also undertaken with puppies, Harrison 
and Mellanby (1939) suggested that this rickets-producing 
property is normally due to the action of the cereal 
phytic acid in inhibiting the absorption of calcium from 
the alimentary canal ; and that the property is only 
likely to operate in diets which are on, or below, the 
borderline of minimum requirements of calcium and 
vitamin D. 
2 
As regards man, several workers have shown that, when 
healthy adults are given a low-calcium diet accompanied 
by a high intake of phytic acid derived from whole grain 
or lightly milled wheaten bread, negative calcium 
balances occur (McC1,1,nce and Widdowson 1942a and b, 
Krebs and Mellanby 1943, Walker et al. 1946, 1948, 
McCance and Walsham 1948). This phenomenon is also 
seen, under similar experimental conditions, when the 
phytic acid is derived from oatmeal (Cruickshank et al. 
1945, McCance and Glaser 1948). Further, when two 
children, ingesting throughout, however, an adequate 
amount of calcium, were placed on diets at first low and 
later high in phytic acid derived mainly from rye bread, 
negative calcium balances also resulted (Hoff-J0rgensen 
et al. 1946). From these studies the conclusion has 
been reached that in man, under certain conditions, 
phytic acid has a disturbing effect on the retention of 
calcium. 
Before attaching undue practical importance to this 
conclusion, however, other experimental observations 
should be taken into consideration. 
(1) Calcium forms with phytic acid a salt which is 
insoluble in an aqueous medium at the pH value of the 
intestinal tract ; but, even under relatively simple in-
vitro conditions, complete precipitation does not take 
place when certain additional substances are present. 
At this pH value McCance and Widdowson (1942a) 
allowed the same equivalents of calcium, magnesium, and 
phytic acid to react as are present in a brown-bread 
dietary containing relatively little calcium but much 
phytic acid ; although the amount of phytic acid present 
was sufficient to precipitate all the calcium, no less than 
about 30% of this element remained tmprecipitated. 
I have repeated this type of experiment (Walker 1951), 
only using the corresponding amounts of these three 
components present in a South African Bantu diet, 
composed mainly of whole or lightly milled maize and 
beans-a diet also low in calcium and high in phytic 
acid. I found that much the same proportion of calcium 
was left in solution. Thus, part of the calcium was 
retained in solution owing to the presence of magnesium. 
Other substances present in the intestinal tract have a 
similar effect. It has been reported that calcium phytate 
is slightly soluble in an aqueous solution of certain amino-
acids (Lehmann and Pollak 1942) and certain hydroxy 
acids, such as phosphoric acid (M0llgaard et al. 1946). 
Little is known of the effect of bile salts, intestinal 
secretions, &c., on the solubility of calcium phytate. 
Hence, because of the complex influence of the many 
different substances present in the human intestine, it is 
considered that, even when the diet contains far more 
phytic acid than is required to precipitate all the calcium 
ingested, the extent of the precipitation is uncertain. 
3 
(2) M:cCance and Widdowson (1935) found that, when 
four adults ingested a large amount of phytic acid derived 
from brown bread, 36-63% of the acid appeared 
unchanged in the freces ; the intakes of calcium were not 
stated. But in dietary conditions of low calcium and 
high phytic-acid intakes, that are encountered in practical 
nutrition, little or sometimes no phytic acid appears in 
tho freces. This has been observed with a diet containing 
a large amount of oatmeal (Cruickshank et al. 1945), 
with a diet which included about a pound of whole-grain 
bread a day (Walker et al. 1948), and with the Bantu 
diet, which contains a large amount of maize and beans 
(Walker 1951). Under such dietary conditions the 
presence of only small amounts of phytic acid in the 
freces increases the uncertainty over the extent to which 
this acid precipitates calcium in the intestinal tract. 
(3) There is a considerable amount of evidence that, 
when the calcium intake is reduced, adjustment is not 
immediately achievea. but takes an appreciable time 
(Steggerda and Mitchell 1939, Nicholls and Nimalasuriya 
1939, Cathcart 1940, Kraut and Wecker 1943, 1948, 
Walker et al. 1948). This raises two issues : 
(a) In most of the studies referred to above, the everyday 
diet of the subjects was altered to one not only of increased 
phytic-acid intake but also of reduced calcium intake, the 
latter being usually less than 10 mg. per kg. of body-weight. 
Hence the negative balances which resulted were due to two 
causes-increased phytic-acid intake and decreased calcium 
intake. To consider them to be wholly due to the former 
cause is erroneous. 
(b) Since adjustment takes time, the question arises: 
were the periods of observation in the above studies long 
enough to allow for such capacity as the body possesses in 
this respect to operate? McCance and Widdowson (1942a) 
reported that no improvement in calcium retention occurred 
among their subjects during 28-day periods. Of the subjects 
of Krebs and Mellanby (1943), observed for the same periods, 
one out of the six ultimately came into equilibrium. Hoff-
J 0rgensen et al. (1946), who used 5-day interrupted periods 
extending over 21 days, found some evidence to suggest that, 
had their two children been observed for a longer time, their 
absorption of calcium might have gradually increased. In 
the investigation of Walker et al. (1948), however, balance 
observations were made over longer periods, from 4 to 9 
consecutive weeks ; the calcium intake was maintained at 
about 10 mg. per kg. of body-weight ; with the three subjects 
examined the negative balances after a time were reduced, 
equilibrium was reached, and positive balances began to 
occur. Hence the disturbing effect of phytic acid may not be 
permanent. 
(4) Should the disturbing effect of phytic acid on the 
retention of calcium be permanent, slow decalcifi.cation of 
the bones and -tissues must occur. No dietary experi-
ments, however, have been continued long enough to 
check radiographically whether a long-term withdrawal 
of calcium takes place or not. .An additional handicap 
4 
is that there is little knowledge as to how much calcium 
must be yielded up by the body before the loss can be 
detected by such methods. 
(5) No · long-term balance observations have been 
undertaken on children or pregnant and lactating women, 
who might be expected to be especially vulnerable to 
interference of calcium retention by phytic acid. · 
(6) Finally, all studies in calcium retention seem to 
have their importance limited by the observation of 
McCance and Widdowson (1943) that there are seasonal 
variations in the capacity to absorb calcium ; and by 
the observation of Kraut and Wecker (1948) that calcium 
retention is subject to a cyclical variation, during which 
time, within certain limits, the level of intake of calcium 
seems to be almost irrelevant. 
SUMMARY 
Under certain experimental conditions an increase in 
the intake of phytic acid by man has a disturbing effect 
on the retention of calcium : this phenomenon has been 
observed by balance experiment only ; it has not been 
confirmed radiographically. However, there is limited 
balance-experiment evidence available which suggests 
that the disturbing effect may not be permanent, but 
that the body, given time, and within limits, can adjust 
itself successfully to such a dietetic situation. Various 
uncertainties involved in the experimental evidence 
indicat~ that considerable caution is required in inter-
preting such evidence in terms of practical nutrition. 
Field Evidence 
The importance which has been attached to the anti-
calcifying action of cereal phytic acid in man may be 
gauged from the following quotations. Mellanby (1925) 
stated : " Apart from extreme malnutrition, it would 
appear not improbable that in this country, where the 
average diet is deficient in or contains a borderline 
quantity of antirachitic vitamin and calcium, and 
where sunshine is negligible, the ingestion of oatmeal 
during pregnancy and lactation of women, and in growing 
children, does much harm"; in 1937 he repeated this 
warning. Later, in 1944, he wrote that the problem 
of phytic acid " concerns what in the past certainly 
has been, and in my view possibly still is, the most 
prominent problem of malnutrition affecting people 
in Great Britain." 
In Great Britain medical opinion seems to have been 
uncritical of the belief that the phytic acid of cereals 
and certain cereal products is rachitogenic to man. 
Bacharach (1945), however, doubted whether oatmeal 
per se would produce rickets in man. Yudkin (1949) 
has expressed the view that there is a growing feeling 
among nutritionists that the deleterious effect of phytate 
5 
in breads of high extraction has been over-emphasised. 
In America early authoritative opinion was unconvinced 
(Journal of the .American Medical .Association 1927). 
Hess (1930) paid only passing reference to it in his 
book on Rickets, including Osteomalacia and Tetany. 
The Council on Foods (1937) of the American Medical 
Association concluded that there was no good evidence 
for the existence of an anticalcifying factor in cereals, 
a view also maintained by McCollum et al. (1939) and 
inclined to by Shohl (1939). In Australia, Stanton Hicks 
(1949), commenting on recent studies by McCance and 
Walsham (1948), observed that only eighty years ago 
all Europeans consumed whole-meal flour, and that a 
number still do ; he thought it unreasonable to assume 
that our ancestors suffered from an adverse calcium 
balance, and that tetany was common among them ; 
and he concluded that history carries more weight than 
does laboratory experimentation with a few human 
beings for a short time. 
EVIDENCE OF EARLY CLINICIANS 
One of the best known of the early clinicians who 
wrote on rickets was Cheadle (1902). To give proper 
weight to his testimony it must be stated that he knew 
that rickets was common in cloudy regions but almost 
disappeared in the tropics ; that light, especially full 
sunlight, was as important to the cure as to the prevention 
of rickets ; that the removal of fat from milk favoured 
its development ; and that cod-liver oil was effective as 
a cure. He observed that the disease was almost unknown 
among sucklings, but was especially common in " children 
fed almost entirely upon farinaceous preparations-
oatmeal, cornflour, bread, and patent foods with little 
or no milk." Now, oatmeal contains a large amount of 
phytic acid ; on the other hand, white bread (which 
was the staple by 1890) contains little more than a trace 
of phytic acid. If this acid is rachitogenic to man, it 
should have been observed that a regimen including a 
large amount of oatmeal was far more rachitogenic than 
one including an equivalent amount of white bread. 
In Jenner's time rickets was the most fatal of diseases 
affecting young children (Aitken 1870) ; in Cheadle's 
time (1902) it was also very common. Why, then, did 
able clinical observers fail to draw attention to an 
obvious difference in rachitic property between these 
two foodstuffs f Why also, even up to now, has this 
difference not been reported Y This lack of clinical 
evidence raises doubts about the critical importance 
assigned to phytic acid in the retiology of rickets in man. 
SCOTTISH EVIDENCE 
Since oatmeal is considered to be the most anti-
calcifying of cereals, the past experience of the Scots 
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is very relevant, not only because of their traditional 
diet, which contained a very large amount of oatmeal, 
but also because of the relative scarcity of sunshine in 
Scotland. Mellanby (1925), however, anticipated the 
challenge. '' If oatmeal is so detrimental to bone forma-
tion, how is it that fine races of men have been reared 
on diets of which this cereal forms a large part Y " In 
answer he stated that, if the conclusions from the puppy 
experiments applied to man, 11 it is highly probable 
that the diet of these people also included much of foods 
rich in antirachitic vitamin, as, for example, milk, eggs, 
and fish of the fatty variety." Mellanby (1944) referred 
to the Scots overcoming the phytic-acid problem by 
taking milk freely with their porridge. 
It is important to have an approximate idea of the 
amount of calcium theoretically required to nullify the 
anticalcifying property of 1 lb. of oatmeal consumed as 
porridge. This amount (which supplies about 1800 
calories) contains as much as 1350 mg. of pbytic-acid 
phosphorus (Mellanby 1944). If the calcium-magnesium 
salt of the acid is precipitated in the intestinal tract, the 
above amount of acid can precipitate about 800 mg. of 
calcium-Le., the amount contained in about 1·2 pints of 
milk. Should the pentacalcium salt (Hoff-J0rgensen 
1946) be formed, about 1450 mg. of calcium can be 
precipitated-Le., the amount contained in just over 2 
pints of milk . 
.Although little historical inquiry has been pursued 
in this matter, there is evidence that in the near past 
the diet of the rural Scottish people, who were reported 
to be II big-boned and well-developed" (Watson 1907) and 
to have good teeth (Haddon 1903), was much as Mellanby 
conjectured (Coirce 1906, Smith 1941); and that rickets, 
at least in the Highland child, was uncommon {Edie and 
Simpson 1911). In the Lowlands, from 1854 to at least 
1900, even the usual prison diet included two pints of 
milk with the 1 lb. or so of oatmeal consumed daily 
{Dunlop 1899). But what of the earlier period when 
dietetic conditions were less favourable Y In the Low-
lands, in the early 1700s, according to Grieg (1946) and 
Kitchin and Passmore (1949), the food of the people 
included large amounts of oats and barley ; of vegetables 
there was kale ; and dried peas, beans, and lentils, rich 
sources of phytic acid, were used extensively. Little cow's 
milk was available, and in late winter it was almost totally 
absent. Such a diet was rich in phytic acid, probably 
low in calcium, and almost devoid of vitamin D. Should 
not rickets have been widespread Y Findlay (1915), who 
read widely in his investigation of the causation of 
rickets, does not mention that it was so. I can find no 
relevant information either way. Even taking into 
account that fish was available at the coast and near the 
rivers, that in winter a certain amount of milk was 
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obtained from ewes and goats, and that a high con-
sumption of kale would afford a relatively large con-
tribution of calcium, surely, should the phytic acid 
hypothesis be valid in man, rickets would still be expected 
to be of frequent occurrence, for there was great poverty 
in the land. At a time, therefore, when the Scottish 
national diet contained a large amount of phytic acid 
and probably little calcium and vitamin D, it has not 
been possible to find any evidence that rickets was very 
common. 
EVIDENCE FROM TROPICAL AND SEMITROPICAL REGIONS 
The diet consumed in tropical and semitropical 
countries is often high in phytic acid and low in calcium ; 
moreover it often contains only a small amount of vita-
min D. At first sight conditions for calcification seem to 
be very unfavourable. Actually, among the inhabitants 
who are well exposed to sunlight, rickets is reported to 
be rare ; corroborative evidence has been reported from 
East Africa (Moore 1940, Trowell 1948), Southern Africa 
(Gelfand 1944, Kark and le Riche 1944), India (Hutchison 
1922, Wilson and Widdowson 1942), and China (Jefferys 
and Maxwell 1910, Wyatt 1930). Hence, where there 
is an abundance of vitamin D derived from radiation, a 
high intake of phytic acid, even in the presence of a low 
intake of calcium, seems to be unimportant in so far as 
rickets is concerned. 
EVIDENCE FROM EIRE 
So far, the evidence has concerned subjects habituated 
to a diet high in phytic acid. But an important point is 
what happens when the intakes of calcium and vitamin D 
are already low, and the ingestion of phytic acid is 
suddenly increased. Is it possible for the reduced 
absorption of calcium, that is stated to occur, to bring 
on an increase in the incidence of rickets Y In Eire this 
dietetic situation arose when war-time conditions caused 
the staple bread to be made from almost whole-grain 
flour, and an increase in the annual incidence of rickets 
did, in fact, take place. This happening is the main 
field evidence that bas been cited in support of the 
phytic-acid hypothesis (McCance and Widdowson 1944, 
1949, Kent-Jones 1946, Kent-Jones and Amos 1947). 
Several considerations, however, preclude us from 
accepting this phenomenon as one of simple cause and 
effect. 
(1) The fact that there was no control experiment is a 
disadvantage. This drawback has already been pointed 
out by Davidson (1946). 
(2) In Dublin, among babies aged three to six months, 
who were affected little or not at all by changes in the 
composition of the bread, the annual incidence of rickets 
' 
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was subject to even greater fluctuations than were 
observed in older babies (Walsh et al. 1946). 
(3) There was a time-lag between the bread changes 
and the alterations in the incidence of rickets. The 
almost whole-grain bread was introduced in the spring 
of 1941, but the incidence of rickets only became particu-
larly increased in Dublin in the spring of 1943 and in 
Cork in late 1942. The 821 / 2% extraction bread, with 
its far smaller content of phytic acid, was introduced at 
the end of 1943; yet both in Dublin and in Cork, the 
incidence of rickets was higher in 1944 than in the 
previous year (Saunders 1944, Walsh et al. 1946). 
(4) In the fifth and final report of the Dublin doctors 
(Walsh et al. 1946) it is clear that few conclusions can be 
reached about the extent to which the incidence of 
rickets was affected by (a) the extraction-rate of the 
flour, (b) the intake of milk, and (c) the intake of 
vitamin D. 
Though the increase in incidence may have been 
influenced by the change in the composition of the staple 
bread, it is certain that other factors also operated. 
Saunders (1944), for example, considers the increase to 
have been largely due to the greater scarcity of foods and 
concentrates containing vitamin D. Whatever factors 
were responsible, the phenomenon can hardly be used as 
unequivocal evidence in support of the phytic-acid 
hypothesis. 
Growth 
Up to now the anticalcifying effect of phytic acid has 
been examined from the point of view of its possible 
role in the ::etiology of rickets. The extent to which this 
effect may restrict growth will now be discussed. 
Nicholls and Nimalasuriya (1939) have noted that the 
Sinhalese children appear normal, and their bones 
resemble those of Europeans in structure and composition, 
yet their intake of calcium is only 200-400 mg. a day ; 
in addition, a fair amount of phytic acid derived from 
pulses, &c., is ingested daily. McCance and Widdowson 
(1942a) have drawn attention to the low stature of these 
• children, and maintain that their height is less than that 
to which they would grow if their calcium intake and 
general nutrition were improved. More recently, these 
authors (1949) have stated that "no-one will deny that 
most adults can maintain health on diets which contain 
very little calcium and much phytic acid, or that children 
can absorb enough calcium to grow on such diets, but it 
is less certain that they grow at an optimum rate." The 
belief that, with other nutrients, a high intake of calcium 
is required for the attainment of height is common ; 
nevertheless it is surprising how meagre is the evidence 
in its favour. Of importance in this issue are the experi-
ments of Aykroyd and Krishnan (1938) made in India; 
they found that, when 56 nursery-school children in poor 
: 
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nutritional condition and aged three to six years were 
given a daily supplement of 65 mg. of calcium (as lactate) 
for four or five months, they gained more rapidly in weight 
and height than did children not receiving this supple-
ment. Aykroyd and Krishnan (1939) found that when a 
group of 46 school-children very poorly nourished and 
six to twelve years of age were given a daily supplement 
of 130 mg. of calcium (as lactate) for eleven weeks, they 
also made significant gains over the controls in weight 
and height. 
This stimulating effect, however, was not observed in a 
similar study carried out in South Africa. Malan and 
Ocke1·se (1941) used 92 European school-children, of 
ages from six to fourteen years ; to their everyday diet, 
which contained about 400 mg. of calcium and 800 mg. 
of phosphorus, they added a daily supplement containing 
500 mg. of calcium and 500 mg. of phosphorus. The 
experiment continued for three years, although the 
supplements were given only during school terms, which 
amounted to about 265 days each year. A control group, 
numbering 85, received no supplement. No significant 
differences in weight or height were observed between the 
two groups. 
Further evidence bearing on this issue is also found in 
South Africa. Dietary surveys have pointed to a wide 
incidence of malnutrition among the European young, 
and have drawn attention in particular to the low intake 
of calcium. In one extensive study on the nutritional 
condition of European school-children (Union of South 
Africa Public Health Department 1939) it was revealed 
that 25% consumed no milk in their diet, and 35% 
consumed it only occasionally. The cereal content of the 
diet is often very high, and the amount of phytic acid 
ingested, especially in the rural areas, where whole-grain 
bread is often favoured, must be appreciable. Such a 
diet might be expected to restrict growth. Nevertheless, 
investigation has shown that the height and weight of the 
boys for all ages between six and fifteen yea.rs are superior 
to those of English, Canadian, and American boys of the 
same age ; and, with minor limitations, this also applies 
to the girls (Cluver et al. 1946). The average height of 
the Bantu is certainly less than that of European South 
Africans. Nevertheless, poor-white children often con-
sume a diet which resembles that commonly eaten by the 
rural Bantu (Carnegie Commission 1932), a diet which is 
high in phytic acid and low in calcium; yet Fox (1934) 
noted the sitting height of Transvaal poor-white children 
to be equal to, and in some cases superior to, that of 
American children of the same age-group selected for 
their good or excellent nutritional status. 
Evidently, in the presence of plentiful sunlight, a diet 
low in calcium, even when accompanied by a high intake 
of phytic acid, need not prevent excellent growth in 
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European children. The extent to which height may be 
restricted specifically by a low intake of calcium, in 
countries where less favourable conditions of radiation 
prevail, has not been established. ' 
In conclusion, it cannot be emphasised too strongly 
that, though it is apparent that good growth and freedom 
from rickets may prevail on diets which contain little 
calcium, this must not be interpreted as suggesting that 
low intakes of this element are considered to be satis-
factory, or that higher intakes would be without 
nutritional advantage. 
SUMMARY 
Cereals and certain cereal products contain a substance, . 
recently identified as phytic acid, which, under certain 
conditions, is anticalcifying to dogs. It has been widely 
accepted that this acid is also anticalcifying to man, the 
belief being that in the intestinal tract this acid, under 
certain conditions, precipitates calcium, and, by reducing 
the amount available for absorption, restricts growth 
and even causes rickets. 
Experimental evidence suggests that, though phytic 
acid has an immediate disturbing effect on the retention 
of calcium, the disturbance is not permanent. Con-
siderable caution is required in the interpretation of the 
experimental evidence in terms of practical nutrition. 
When rickets was very common, able clinicians did 
not distinguish between the rachitogenic effects of 
oatmeal rich in phytic acid and of white bread free from 
phytic acid. This fact militates against the critical 
importance assigned to phytic acid in the mtiology of 
human rickets. 
In Scotland, when the traditional diet contained a 
large amount of phytic acid and probably little calcium 
and vitamin D, it has not been established that rickets 
was widespread. 
In tropical and semitropical countries, where advantage 
is taken of the abundance of vitamin D to be derived from 
radiation, a high intake of phytic acid, even in the 
presence of a low intake of calcium, seems to present no 
problem in so far as rickets is concerned. 
In Eire a war-time rise in the incidence of rickets took 
place at about the same time as the staple bread was 
changed from white to whole grain, involving a con-
siderable increase in the intake of phytic acid. It is 
clear, however, that the incrimination of phytic acid is 
far from conclusive. 
Where there is plenty of sunlight, a diet low in calcium, 
even when accompanied by a high intake of phytic acid, 
need not prevent excellent growth in European children. 
Since cereals and their products are of such profound 
importance in human nutrition, it seems reasonable to 
insist that any nutritional stigma attached to their 
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consumption should be based on conclusive evidence. 
From the evidence discussed here it appears that the 
importance of phytic acid as an anticalcifying factor in 
human nutrition has not been established. 
For advice and criticism I am particularly indebted to 
Mr. F. W. Fox, D.sc., of the South African Institute for 
Medical Research, Johannesburg, and to Prof. J. T. Irving, 
of the department of physiology in the University of Cape 
Town. This paper is published with the permission of the 
South African Council for Scientific and Industrial Research. 
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Letter to the Editor 
-~ -· ------------- -~-- -- ----
Gro,vth Rate in Relation to Calciu1n Losse.., Through Sweat 
Dear :::-ir 
Experimental ... tudie-, h.t\ L' 111cl1cakd th..it 
under conditions of hig-h kmpl'r.1turl' c,th:111111 
losses through sweat inl-., 111.1 y rL·ach Sl'\ era! 
hundred milligrams per d11111 • .·, The F .\ < > 
\\'.II.0. Expert Committee on C,tkium Jfr. 
quirements.·1 while recogmzing the exisll'm·e 
of this an·nuc of loss. L'onsidl'rl'cl the pn·-,u1 t 
evidence inadequate to warrant (IL finill' 1Tco111-
mcndations for the rckvan t popula ti011,;;. 
Consolazio and his associates,~ ]]()Wever, co11 -
side red the informatio11 a Yailahk su t1icil'n t ly 
convincing to recomllll'IHl increas1·d allow-
ances for those who dwell in areas wlll'n· the 
climate is hot, especially when they arc anw, 
tomed to hard physical work Spec1ficallY. 
these in\'estigators point to the lower rate ol 
growth in indigenous populations in the tropics 
and semi-tropics and suggest that the inferiority 
stems. at least in part, from the habitually high 
losses of calcium sustai11ccl t.luring sweating.~ 
Assuming that the le\'d oi calcium in take is 
critical ior growth, then to dcmonstra te tlw 
need for an increased requirement, evidenc(• 
must be forthcoming that those who li\'e in 
areas where the climate is hot grow slower than 
those who live in cooler regions, other factors of 
course being equal, such as ethnic group, diet 
and prevalence of infections. Therefore, we 
studied the growth rate and other parameters 
in South African Bantu school children living 
in districts which differ markedly in tempera-
ture. In trying to obtain strictly comparable 
I MITCHELL, H. H. and HA:-.t!LTO~. T. S. The ckr-
mal excretion under controlled environmental condi-
tions of nitrogen and minerals in human subjects with 
particular reference to calcium an<l iron. J. Rio/. 
Chem., 178:345, 1949. 
2 CONSOLAZIO, C. F., MATOlTSH, L. 0., XEI.SO~. 
R. A., HACKLER, L. R. and PRESTO!'/, E. E. Relation-
ship between calcium in the sweat, calcium balance and 
calcium requirements. J. Nutrition, 78: 78, 1962. 
1 Calcium Requirements. Report of an F.A.0./ 
W.H.O. Expert Group. World Health Organization 
Technical Report Series, Xo. 230. Geneva, 1962. 
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i.;roups 1111t11lf'llh lil1 cult1l'S w,·tL' llJL'<>Ullkr,·d 
S111ct· t!H ultnialt IL 1.!;l1t at n .. ltunt\' ditTt. r ... 
,IIHOl,l-., £ tl,11ic group~. 1 exa111111,1t1on,; must 
JH'cec;sanly be l onhnul to -;uliJt et.; in the ,;a111L· 
~roup .\!though the -;dl'ction t1i appr•lpfr1tP 
hot ,111'1 cooler rt·g1<,11s, d1fkn11~ l'I ,1111111al 
1m,111 111.1ximum tempL·r,1tun· irom JfJ tn J~"F, 
prc·..,v11ll"d litt!L· ,Jillwt1lt\. d1l'lary dllfl'rcnn·s 
(till con'iu111ption 01 ,·eg1 t,ilih·.;; lllrl fruit !win:.: 
~,nm-what highn i11 thL· wan11vr rcgious) and 
para-.1tr,lo.gical cliffL rl'lll'l'" pn";l'lltt·cl <;1llllt' prob 
il'111c; For l'Xampk. 111 st,nw /11g/m Id n·~ions. 
hdmmths are \irtu.dh· ,tll"l'llt, httt 111 the 
lrni"i.·1·/d I"C''.'.1011.;. ·1lthott'~h .1scans may 111>t lil' 
c11mmo11, hr,ohworm and two typec; oi hil-
Lar1ia 1Schi<,tosom.1 h,ll'lllatnbiurn a11d man-
s,)1111 111u<;t hl n·ckonl'd with.'· In additi11n 
regional tribal pradin•o.; <'an not lie ignorl'<I '• 
Thus. Wt' found th.it i11 111:111v arl'aS !.!trls 
weighed 111uclt 1111 ,rl' than h, ,y.., of thl' 'ianw a.;,': 
i11 s111m· s;cJH·11l-;, thl' llll,lll difkrl'tll'l' :1t tiftu·11 
years ul a,~l' 1s as 111uch as J .-) pot11Hls. \\"e 
could tt<>t find an expl.111atio11 ior t hi-.; 
ln a numhl'r of IT[!ions our studil'~ h:.1\"l' bel'n 
confined to groups of children with a similar 
status in respect tn prntc.:i11 lttsing- the urinar~· 
total nitro'.'.en un.i nitrogen ratio as an index). 
and to calcium ( usin~ the urinary calcium: 
creatininC' ratio as an index). In thC' schools 
we in\"cstigated, calcium intake was l'Stirnatc<l 
to be almost invariably less than lfJ(l mg. per 
diem. Differences in intake in different regions 
were found to be \'ariable but slight. 
AftC'r repeated attempts we have been 
forced to rl'cognize the fact that it is almost 
4 'WALKER, A. R. I'. Does a low intake of calcium 
retard growth or conduc<· to stuntedtwss> Am. J. 
Cli11. Sutrition, 2: 2(i;\ 19i'>-l. 
• \\' ALKER, :\. R. P. The prohll'm uf sl'cking to 
assess the handicap imposed by parasitism on certain 
aspccb of health. lnlemal. Rev.•. Trop . .\led., 2: l, 
Hl63. 
6 WAI.KER, A. R. P. 
and physique of Bantu 
(supp. 7): 328, 1961. 
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out of the question to secure fully comparable 
groups which differ only in environmental 
temperatures. Nevertheless, although we have 
not yet found a solution to this problem, we 
would like to describe our present progress 
' and to discuss the implications raised. The 
best results have been obtained from studies 
on 8,50 Zulu children in three schools located 
in a hot region (2,500 feet above sea level) 
adjacent to, and south west of, the Kruger 
;\' ational Park; and 900 Zulu children from 
three lziglwcld schools (about 7,000 feet above 
sea level) in the region of Belfast, Eastern 
Trans\·aal. In these contrasting regiuns, avn-
age mi<l-day temperatures over a three month 
period (sumrnc·r-autumn) were S..J. °F. and 
(ill°F., resp.:-ctively. \\'e did not find the 
expected differences in the mean values for 
height and weight of the groups studied. 
Boys and girls . fifteen years of age, who lived 
in the hot region had an average height of 
ti:~.:2-1 inches and average weight of 111 pounds; 
those \\ho lived in the cooler regions had an 
an-rage height of (j l.1,> inches and an average 
wei~ht of Ill.\ pounds. 
\\'e tried another approach to the problem 
by studyiug ,!JU school children (Zulus) in 
one of the hottest parts of the Republic, 
namely. Komatipoort, in the Crocodile River 
\'alley. Eastern Transvaal. }lean mid-day 
temperature for the same three month period 
\\a<; ,<..;S°F. Both types of bilharzia are present 
in uver half the children, and hookworm is 
present in about 10 per cent. Vet these 
children were found to be as tall and as heavy 
as tht· a\·erage Zulu school chi dren (S(lll ex 
amined) m one of the Ban tu townships near 
Johanuesburg (<i.000 feet above sea level, 
cool wiuters. warm summers) where the average 
mid-day temperature for the period cited was 
7-1°F. These obsuvations do not imply that 
therl is 110 handicap attached to parasitism. 
hut simply that ~oocl growth rnn prevail under 
adverse en\ iro11me11tal circumstances. Boys 
and ~iris at fifteen years of age averaged 63.,':>n 
.,11d !i I ;>0 inches in height. and 100 and rn, 
pounds in wl'ight. respccti\ ely, in Koma ti-
p, ,ort. and (j:3-75 and fi 1.1:2;'5 111ches in hl"ight. 
a11d 101 and 10-1 pounds in weight , rl'spectt\ d), 
m Joha1111e.;hurg 
Finally, we would like to mention another 
type of investigation which was undertaken 
a few years ago in two groups of Bantu children 
living in the hot regions of the south central 
Kalahari Desert, Bechuanaland. One group 
of 100 boys (twelve to fifteen years of age) 
studied was habituated to drinking brakish 
well water which supplied approximately 300 
mg. calcium per diem; the other group of 
children, of equal number and age, drank 
from wells of soft water, which supplied roughly 
about 50 mg. of calcium daily. Nutritional 
conditions in both areas were similar. No 
differences were found in the mean height and 
weight of the children studied in the two re-
gions. Boys at fifteen years of age averaged 
60.25 and (i0.5 inches in height and 9S and 
99 . ."i pounds in weight, respectively. 
\\'e wish to reiterate that these studies are 
not final, since more diligent search (as the 
opportunity offers) may reveal more suitable 
groups of school-children for comparative 
investigation. Nevertheless, since the results 
obtained in respect to differences in growth rate 
are negative, extreme caution should be used 
in extrapolating the results of short-term experi-
mental stu<lies from one population group to 
another. Recommendations for changes in 
nutrient intake, based on the results of experi-
mental studies, which conflict with, or which 
have not yet received unequivocal support 
from field observations, should not be made 
without a careful reappraisal of the interpreta-
tions and applications of the fonner studies. 
l 'ntil there is appropriate evidence. such 
n.:com111e11dations, made primarily as a pre-
cautionary measure, are unwarranted. It is 
a sim pie matter for al1luen t nations to recom-
mend the addition of this or that nutrient to 
staple diets to offset the noxious effect of sus-
pected <leficiencies. However. when huge. 
underprivileged populations are concerned. 
nutritional supplementation or enrichme11 t 
must be viewed in the light of what expendi-
ture is likely to produce the most beneficial 
results. 7 Understandably, the provision of 
adequate calories and protein foods must be 
; \\" At.KER, A R. I'. Probkms in nutrition:11 supple-
1111·11tation .u11! enrichment . A 111 • .I. Clin . .1\'utrztin11, 
I:! : 1:ii, !!Hi:; 
Letter to the Editor :n1 
accorded priority long before the addition of 
calcium can be considered, especially in view 
of the paucity of knowledge on its require-
ments and deficiency stigmata. 3 
Furthermore, when considering recommenda-
, tions for an increased calcium intake, many 
other aspects of the problem must be con-
sidered: (1) Optimum rates of growth have 
• not yet been defined; certainly they are not 
maximum rates. Experimental studies in ani-
mals have demonstrated that a slower rate of 
growth is not essentially prejudicial and may, 
indeed, be beneficial. Admittedly, when com-
pared with local white children, all Bantu 
children studied are shorter in height and 
lighter in weight; but, in the absence of overt 
deficiency disease, whether or not their enjoy-
ment of good health is adversely affected on 
this account is debatable. (2) In an under-
privileged population, children of the more 
prosperous moiety grow faster than those in 
the poorer section. 8 It is not known, how-
ever, to what extent ultimate height at maturity 
is correspondingly affected. That an ethnic 
factor operates in this respect is not doubted, , 
' 
• KAHN, E. and FREEmtAN, M. L. The physical 
development of a privileged group of African children. 
South African M. J., 33: 93-l, 1959. 
1 PATON, D. ~- and FINDLEY, L. Poverty, :\'utri-
tion and Growth. Special Report Series :\'o. 101. 
London, 1926. Medical Research Cou11cil. 
for example, in the Cnited States, an early 
study indicated that Scots are taller than 
Italians ;9 surely this does not essentially imply 
undernourishment in the latter group during 
growth. (3) Diets low in calcium are usually 
low in other nutrients as well; to sug-
gest or imply that calcium deficiency is chiefly 
responsible for retarded growth is not justi-
fied. 4 (4) It is conceivable that a habitual 
accentuated loss of calcium from sweating may 
be met simply by increased absorption, or 
reduced excretion, in which case daily reten-
tion may be affected little. 
Weight, height and other measurements 
have been made on fairly comparable groups 
of Bantu children accustomed to different 
environmental temperatures. No significant 
differences were found in the two groups. 
Search has not yet afforded wholly comparable 
groups suitable for stmly: however, the obser-
vations made thus far do not indicate that the 
higher calcium losses through sweating in hot 
regions compared with the losses in cookr 
regions necessitate an increased intake of the 
clement. 
,\LEX.\!\L>ER R. P. \\.ALKFR, Pl! 1,. 
and B. D. R1c1L\RIJSu:-: 
H11mn11 Biochemistry Rese11rrh [,'nit 
So11th .1frimn lllsti/11/e for .lledirnl Researrh 
Johannl'slmrg, So11!'1. ljricu 
The journal including this letter 
has just been received. The 
photostat has therefore been 
pasted over the stencilled Ms . 
GRO.vTH ___lli.__ggr' 11.ND COOLER CLTI'f.~,T ES I N' REUi.T ION TO LOSS 
OF CALCIUM B)."_ 2 fEAT ING. 
Exper imenta l
1 '
2 s t udies have indicated tr..at under 
high ~empe r ature conditions, loiJses of calcium through sweating 
may reach several hundred milligrams ~J:diem. The F .A. O. -
11 . H. o. Expert Conm1ittee on Calcium Requirements ,3 while recog-
nizing t he existence of this avenue of loss, considered that 
present evidence was inadequate to warrant the making of definite 
recommendat ions f or populations among whom excessive losses are 
likely to occur. Consolazio and associate workers ,2 however , 
consider tha t ava ilable information is sufficiently convincing to 
reco:rnmend increased a llowances for dwellers in hot climates, 
especially f or those accustomed to hard physic~l work. Specifi-
cally, these workers point to the lower r ate of growth in 
indigenous popula tions in the tropics and semi - tropics and suggest 
that the inferiority stems, at least in part, from habitually high 
losses of calcium sustained during ~ieating.
2 
To demonstrate an increased calcium requirement, 
evidence must be forthcoming tha t children in hotter climates 
grow s lower than those in cooler regions , other factors of course 
being equal , such as ethnic group, diet , prevalence of infections , 
etc . In an at tempt t o t hr ow light on the practical aspects of 
t he problem, we have studied growth rate and other par ameters in 
South African Bantu school children dwell i ng in dis t ricts 
differing mEsrkedl y i n t emperature . In trying to obtain strict l y 
_comp~rable groups , cs mi ght be expected , numerous di fficulties 
have been .~nc ountered. . Since ult imate he ight at maturity differs 
in ethnic groups,4 obviously , examinat ions must be confined to 
subjects in t he same group. The selection of appropriate hot and 
cooler r egions, differing in annual ::1ean maximum t empere,ture by, 
say, 10 - 12°F., has pr e sented lit tle difficulty. But, 
2 
unfortu.'18.tely, there are dietary differences in the two types 
of region, the main difference being a slightly greater con-
sumption of vegetables and fruit in warmer parts . Parasite-
logical differences too are present. In many pighveld regions, 
helminths are virtually absent; but in the lowveld, although 
?scaris may remain uncommon , there is hookworm, also two types of 
bilharzia (S. haematobium and .!!§-.~i) to take into reckoning. 5 
Regarding bacteriological infections, serial studies on stools 
have revealed the commoness of salmonella and sh~gella;
6 
how-
ever, such appear to be present not only in rural, but also in 
peri-urban and urban areas .7 Regional tribal practices, of 
t b . d 8 course, canno e ignore. In many parts we have found that 
girls weigh much more than boys of the same age; in some schools, 
at 15 ye .?.rs the mean difference may be as much as 15 lb.; the 
explanation is not known. 
Studies in a number of regions have been confined to 
groups of children having similar status in respect of protein, 
using urinary total nitrogen/urea nitrogen r ~tio as an index, and 
of calcium, using calciun/creatinine ratio in the urine as an in-
dex. In the schools investigated, calcium intake was estimated 
to be almost inv~riably less than 450 mg. ]er diem. The amount of 
the element contributed by the drinking water was estimated to be 
roughly 3 0 mg. ~---Q._i..§m. The differences in these two respects 
in different regions were foi.m.d to be variable though slight. 
After repeated attempts we have been forced to recognize that to 
secure fully comparable gToups differing only in environmental 
temperature is almost out of the question. Nevertheless, i.m.t il 
we are able to advance further in our endeavours we would like to 
relate progress made to.us far, and discuss the implications raised. 
The best comp,:;,risons have con-::erned studies at three schools in-
cluding 800 Zulu children, in a hot rGgion (2,500 ft, a bove sea Ievel) 
; 
adjacent to, a.nd south west af, the Ki:-11ge:r Ha.tional Park; and 
three high_y§ld schools (a.bout 7 ,OOO ft. above sea level), in-
cluding 900 Zulu children in the region of Belfast, EB.stern 
Transvaal. Average mid-day temperatures over a three month 
summer-autumn period were 84 °F and 69°F. He found, however, 
no significant difference in mean values for height and weight 
of the Bantu children studied. 
In another type of approach to the problem, we 
studied 70J school children (Zulus) in one of the hottest parts 
of the Republic, namely, Komatipoort, in the Crocodile River 
Valley. Mean mid-day temperature for the above mentioned period 
was 88°F. Both types of bilharzia arG present in over half of 
the children, and hookworm in about lef'fo. Salmonella and 
shigella are as common as in other regions studied. Yet 
children were fotn1d to be as te.11 and as heavy as average Zulu 
school children (800 studied) in one of the Johannesburg Bantu 
townships (6,500 ft. above sea level, cool winters, warm summers) , 
where average mid-day temperature for the period cited was 74°F. 
These observations certainly do not imply that there is .!!Q. 
handicap attached to parasitism, but simply that good growth Q.fill 
prevail unaer adverse environmental circumstances. In other 
compnrisons Bantu children have greater height and weight in urban 
than in rural areas . 
Finally, we would like to mention another type of investi-
gation, undertaken a few yEJars ago, which concerned Bantu children 
living in hot regions in south central Kalahari Desert, Bechuana-
land. One group of 100 children (12 - 14 years) studied was 
habituated to very brakish well water supplying approximately 300 
mg. calcium .£8r diem; the otr.er group , of eqU.'11 number and age , 
dran..k from wells of soft water, ingesting roughly about 50 mg. of 
the element daily. Nutritional conditions in both areas were 
4 
closely similar. There were, however, no diff erenccs in the 
mean height and weight of the chila.ren studied. 
We wish to emphasize that the studies undertaken and 
described are not final, since more diligent search, as oppor-
t-Lmity offers, may reveal school-child groups more suitable for 
comparative study. Novertheless , since negative results have 
been obtained up to the present in respect of growth rate differences, 
such surely call in question the wisdom of extrapolating the results 
of short-term experimental studies from one population group to 
another habituated in measuxe to these conditions. Hhen recommen-
dnt ions for changes in nutrient intake, arising from experimental 
or laboratory studies, be made which either are in conflict with 
or which do not yet derive unequivocal support from field observa-
tions, the interpretations and applications of the former studies 
should be carefully reappraised. Until appropriate evidence from 
field studies is forthcoming which deI!k1.nds unequivocally an 
increased intake of calcium, it would seem unwarranted to make such 
recom.mendations priillllrily for insurance purposes. It is of little 
moment for affluent nations to recommend the addition of this or 
that nutrient to staple diets to offset the noxious effect of sus-
pected deficiencies. But when huge underprivileged popula tions 
are concerned, nutritional supplementation or enrichment has to be 
considered in light of what expenditure is likely to produce most 
beneficial r e sults.9 Understandably, ~rovision of adequate 
calorie s and protein foods must be accoTded priority long before 
the addition of calcium be considered, especia lly in view of the 
paucity of knowledge on the requirement Md deficiency stigmata of 
this elemeri_t . 3 
In Britain during the war years, beliefs on the ill-
effects of phytic acid on calcium absorption led to the nation-
wide addition of a calcium salt to the staple bread mea1. 10 Yet 
5 
no unequivocal evidence was, or has yet been, adduced that 
populations accustomed to a low calcium intake and a high phytic 
acid intake suffer specifically from calcium deficiency .. 11 
Recently, it has been put forward that th3 somewhRt lower serum 
cc1,lcium levels which are found in po:::mlations accustomed to a 
low calcium int[-1.,ke imply sub-optimal heal th ana_ performance, and 
indic~te the need for an increased intake of the element. 12 
Yet the implication was not defined, nor was a speculation 
hazarded on the benefits to health likely to accrue from an in-
crea sed intake of the element . The recommendation for increased 
calcium intake to offset loss of i he element by sweating in hot 
climates is a f-urther example of recommending an increased intake 
of a nutrient to meet anc1 overcome an as yet undemonstrated 
nutritional need. 
When considering the recommendations for an increased 
calcium intake, it is considered that insufficient attention has 
been paid to other aspects of the problem which a lso enjoin caution:-
(!) Optimu.m r ates of growth have not yet been defined; certainly 
they are not maximum rates. Experinental studies on animals have 
demonstrated th2,t a slower rate of growth is not essentially pre-
judicial, and may indeed be beneficial. Admittedly, compa.red with 
local White children , all Bantu children studied were shorter and 
lighter; but whether 9 in the absence of overt deficiency disease , 
their enjoyment of good health is specifically stigmatised on this 
account, is debatable. (2) In an underprivileged population, 
children of the more prospero".ls moiety grow faster than those in 
the poorer seotion. 13 It is not known, however, whether ultimEtte 
height at ;;1at11rity is correspondingly affected. That there is an 
ethnic facto~ O!)E:rating in this respect is undoubted; for example, 
in the United States, an early obs6rvation indicated that Scandina-
vians are taller than Italians 9
14 surely this does not essentially 
6 
imply under-nourishment in the latter during growth. (3) Diets 
low in ca lcium usually are low in other nutrients; to suggest or 
imply thlt calcium deficiency is chiefly responsible for a slower 
rate of growth is unjustified. 4 It cannot be ruled out 
that an accentue..t~d loss of calcium from sweating is met simply 
by increased absorption, or reduced excretion, and that the daily 
retentions of the element needed for growth are little affected. 
SUMMARY. -------
Weight, height, and other measurements have been made 
on somewhat comparable groups of Eantu children habituated to 
different environmental temperatures. No significant 
differences in the data on the two groups were found. 
has not yet revealed wholly comparable groups for study; 
Search 
however, the results obtained thus far do not support the 
view that higher losses of calcium caused by greater sweating in 
hotter regions necessitate an increased intake of the element. 
ALEXAlmER R .P. WALKER. Ph.D. 
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Letten to the Editor 
Sir: 
In a special article (Nutrition~· 16, 
UT (1961)) D. M. Hepted indicated the 
need for a re-examination of the situation 
oonoerning the present high recommended 
intaba of calcium. Supporting his view 
(Did. 18, 81 (1968)), I questioned the wis-
dom of recommending luxua intakes of the 
element in the abeence of specific deficiency 
llipata. 
In a reoent study on pathological grading 
and chemical composition of aorta from 
Bantu and white subjects, we drew atten-
tion to the far higher concentration of cal-
cium in white compared with Bantu aorta 
from middle age onwards, and even in 60rta 
of equal pathological grading (M. Anderson 
fl al., A. M. A. Arch. Path. 88, !180 (1969)). 
Ia a paper jlllt publiahed, A. E. Hirst Jr., 
fl al. (Arch. Path. 19, 678 (1960)) also have 
aoted the far greater incidence and severity 
of calcification lesions in aorta from Loe 
Anplee whites compared to Indians in 
South India. Both the latter population and 
tbe South African Bantu have low calcium 
inu.kee, lemer severity of aortic and coro-
mry lesions, and a much lower mortality 
from coronary heart disease. 
The precise bearing of arterial calcifica-
tion on mortality from coronary heart dis-
eue ia not known. But if, to ward off death 
from t.hia cause, a reduction in the amount 
of fat consumed ia recommended, would it 
Id be logical alao to recommend a modicum 
ol reduction in the present high calcium 
iD-.ba inpst.ed by more privileged popu-
lation,? 
Ai.uANDEB R. P. WALD:R 
Soutl& Afman Inatitute for 
M edkal Ruearch 
Joltannaburg, South Afrir,a 
n.r, Sir: 
'Ihe l"ffiew of the effect of antioxidant 
on vitamin E deficiency in ducb (Nutrilion 
&viNI 17, 3,40 (1961)) prompts the follow-
~g oommenta which may be uaeful, since 
much of our work wu not submitted to 
journals normally read by many invemp-
tors in animal nutrition. 
In all species teated to date (man: Am. 
J. Clin. Numtum ,, 408 (1966); 'a, 461 
(1960); A. M.A. Arch. Newol.1,611 (1969)· 
the chick: Proc. Soc. Bq. Biol. MM. 109; 
876 (1969); A. M. A. Arch Gm P-,ol,iaL 
1, 4MJ (1969); the rat: J. Nvtritio,ta '12, 
Nov. iuw (1980)), the level of alpha-toooph-
erol required to inhibit reactiona atribu-
table to vitamin E deficiency were functions 
of the amount.a of peroxidizable compounds 
present in the diet or in the ti88uea. For 
example, little if any added tocopherol ia 
required when only amall amount.a of poly-
unaaturated fatty acida are present but the . ' requll'elDent for tocopherol incre&1e1 mark-
edly as the level of linoleic acid in the diet 
is increased. . 
Accordingly, one should never interpffl 
an experiment on tocopherol need withoui 
evaluating how much total polyunaturated 
fatty acid is in the diet. It should be em-
phasized that even lard, which normall1 
contains about 10 per cent linoleic acid 
(and much more if the pig wu fed unatura-
ted fate), can provide u much linoWc acid 
at a 20 per cent level in the diet u oorn oil 
at a 4 per cent level. Both of these levela ol 
fat are sufficient to produce encepbalomala-
cia in most chicb deprived of tooophenl 
since they provide niore than 2 per ceal 
linoleic acid in the diet. 
The fatty acid profile of all ol the ti-.. 
lipoproteine and phoepholipida te.ted to-
day are influenced by the levela ol nriOUI 
fatty acids in the lipids oonaumed, either 
from the diet or u a result of previous ia-
gestion. The effect of diet on tillue lipW 
composition, which hog raiaen have coa-
Reprinted from The American Journal of CLlNlCAL N TRlTlON 
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Does a 
LOW Intake of CALCIUM 
Retard GROWTH or 
Conduce to STUNTEDNESS~ 
By A. R. P. WALKER, M.SC., PH.D.* 
I T 1s ALMOST universally accepted that the level of calcium intake of the young in-fluences their rate of attainment of height. 
According to Sherman,1 steady growth in chil-
dren requires a high intake of the element. 
Concerning low intakes, Venar and Todd2 and, 
more recently, Stearns,3 maintain that there 
is ample evidence that deficient intake or 
utilisation of calcium and other mineral salts 
result in slowing down growth and lengthen-
ing of growing period. Several authorities, 
moreover, go further and take the view that a 
low intake of calcium conduces to stunted-
ness.4-10 In tropical and semitropical coun-
tries, low calcium intakes are usual, and the 
calcium-phosphorus ratio occasionally is as 
wide as 1: 10. The retarding effect on growth 
would therefore be expected to be well 
marked, and in this connection, McCance and 
Widdowson11 have referred to the smallness of 
the children from such parts, linking up this 
characteristic with the prevailing "sub-opti-
mum level of calcium nutrition." Despite the 
general acceptance of this particular role of 
From the Human Biochemistry Unit, South African 
Institute for Medical Research, Johannesburg, and 
South African Council for Scientific and Industrial 
Research. 
This paper is published with the permission of the 
South African Council for Scientific and Industrial 
Research. 
* Head of Human Biqchemistry Unit, of the South 
African Institute for Medical Research, Johannesburg, 
and the South African Co11ncil for Scientific and 
Industrial Research. 
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calcium, and the assurance with which the 
belief is often stated, no one appears to have 
investigated its validity. 
Growth, of course, requires other dietary 
components in addition to calcium. Further-
more, growth is influenced certainly by heredi-
tary, and possibly other factors. 12 Hence, 
where retardation is demonstrable, it could be 
due, not only to a low intake of calcium, but' 
to the operation of other single or multiple 
dietary or non-dietary factors . Ideally, to 
supply an unequivocal answer to this question 
of the role of calcium intake in growth, it 
would be necessary to have a single homoge-
nous population among whom comparable age 
groups differed only by one factor, i.e., level 
of calcium intake. The more two groups differ 
from this situation, due to the presence of other 
variables, the greater will be the uncertainty 
of the validity of the conclusions drawn. 
Needless to say, this ideal state is never ob-
served, for neither homogenous population 
groups nor diets of widely varying calcium 
content though otherwise nutritionally ade-
quate are encountered in practical human nu-
trition. At the outset, therefore, it will be 
apparent that it is highly improbable that a 
clear answer can be given as to whether level 
of calcium intake is or is not of critical im-
portance in the attainment of height. 
It is now proposed to illustrate and amplify 
the difficulties described by referring firstly, to 
the height of children of the same age; next, 
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to height of adults at maturity; and lastly, to 
studies bearing on the use of calcium supple-
ments under controlled conditions. 
THE HEIGHT OF CHILDREN OF THE SAME AGE 
Several authorities in different parts of the 
world, for example, Orr13 in Great Britain, 
Nicholls and Nimalasuriya" in Ceylon, and le 
Riche16 in South Africa, have shown that chil-
dren from poor families are less tall than chil-
dren of the same age from better class homes. 
Differences in the diet consumed, especially in 
regard to calcium intake, are . usually con-
sidered to bear chief responsibility.3 ,7, 16, 17 
However, as far as one is aware, no critical evi-
dence has yet been adduced to show that the 
low calcium intake of the less tall sections is 
specifically implicated in retarding growth. 
There is no dispute that Wes tern children are 
taller than indigenous children of the same age 
groups dwelling in tropical and semitropical 
regions. This general observation has been 
made by Stearns,' and considerable supporting 
evidence is available, for example, the recent 
investigation of MacKay and Martin18 on a 
tribe of Kenya Bantu. Yet the phenomenon is 
not invariably observed, for in the study of 
Welbourn,19 it was reported that the mean 
height of the Kampala Africans examined at 
8 years was greater than that of local Eu-
ropean children of the same age group and, 
incidentally, coming from very good homes. 
It must be appreciated that the value of any 
relevant information on non-White groups is 
limited because (1) their ages are known with 
far less certainty than is the case with Western 
children; (2) little knowledge is available on 
their periods of growth spurts, whether they 
coincide or not with those of Western children; 
and (3) it is not known whether the increases 
in height of children of all classes which have 
occurred in Europe, North America, India, 
and Japan have yet affected the African 
races.20 But quite apart from these uncer-
tainties, there appears to be no evidence that 
~'.1e low calcium intake of the child populations 
' of tropical and semitropical countries is spe-
cifically involved in retarding their rate of at-
tainment of height. 
HEIGHT AT MATURITY 
When one considers final height, the uncer-
tainties referred to fall away. Orr21 has 
pointed out the strong body of opinion which 
considers that adult height is not correlated 
with nutrition, and that stature and configura-
tion of body are inherited and cannot, to any 
significant extent, be affected by diet. Tempo-
rary retardations may occur as in wartime or in 
famine, but the growth urge is believed to be 
so strong that the ultimate predestined stature 
is attained on any ordinary diet. There is 
much evidence that with growing children, 
temporary dietary restrictions do, in fact, be-
come nullified in time after resumption of the 
previous habitual diet. This was observed, 
for example, with the German children of 
World War 1,22 also with the French children 
in the last war.23 On the other hand, the ob-
servations of Shapiro24 on the physical charac-
teristics of Japanese immigrants and their off-
spring in Hawaii are pertinent; he found an 
average difference of 4.1 and 1.7 cm. in the 
height of adult males and females, respectively, 
in favour of Hawaiian born, which showed that 
heredity is not the only factor determining 
stature at maturity. The different observa-
tions cited merely ·underline the complexity of 
the subject by indicating the almost insuper-
able difficulties inherent in efforts to assess the 
relative importance of the individual influenc-
ing factors. 
Nevertheless, it wculd seem reasonable to 
suggest that if the level of calcium intake is a 
critical factor in the attainment of height, then 
low consumers of the element should be in-
variably stunted. But what is understood by 
being stunted? By how many inches must a 
population group be shorter than a better fed 
Wes tern population group before the former 
may be labeled as stunted? McLester and 
Darby25 have defined leanness as a condition 
of the body in which weight is 15 per cent or 
more below normal. Were the same proportion 
valid for height, then taking 6 ft. as an arbi-
trary height, a person would have to be less 
than 5 ft. 1 in. before being described as under:-
sized or stunted. Using this reckoning, only 
certain groups of pygmies could be put into 
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TABLE I 
The Height of Population Groups at Maturity 
No. 
Observer Population group examined Height 
Turner26 South African Bantu 
(1910) East Coast Bantu 1337 66.5 in. 
Transvaal Basu to 521 66.0 in. 
Cape Province 
Bantu 680 66 .25 in. 
Walker27 East Coast Bantu 1100 66 .35 in. 
(1954) Transvaal Basu to 650 66 .25 in. 
Cape Province 
Bantu . 720 66.1 in. 
Carlson2s United States Army 
recruits 800,000 67 .5 in. 
Clements Scotsmen, National 1303 66 .82 in. 
and Service recruits 
Pickett29 
the latter category. As far as I am aware, no 
precise figure has yet been advanced to define 
stuntedness. However, to illustrate that low 
calcium consumers are certainly not all stunted 
at maturity, Table I has been compiled, in 
which data on three South African groups are 
given, also two Western groups. 
The South African Bantu groups were com-
posed of mine-labourers who were measured 
at the Witwatersrand Native Labotrr Associa-
tion Headquarters in Johannesburg, the clear-
ing centre through which pass over a quarter 
of a million workers annually. The groups 
were selective only in so far as . there is no 
compulsion to work on the Mines. But the 
tribal social status of the individual is so en-
hanced, and, moreover, the remuneration ac-
cruing is so apt a way of saving money to buy 
cattle for the acquiring of wives ( the lo bolo 
system), that only serious disability prevents 
volunteering for service. The differences be-
tween the two sets of Bantu data are not sig-
nificant; furthermore, the latter data27 refer 
only to new adult recruits, thereby obviating 
the effects of the excellent diet provided by' the 
Mines. The data on the American and Brit-
ish adult males refer to unselected subjects. 
The mean heights of the South African 
Bantu males from the regions mentioned in all 
cases are less (roughly 1 and 2 per cent re-
spectively) than the mean values given for the 
two groups of White subjects. But the in-
feriority is surely insufficient to label the 
former people as stunted, despite habituation 
to a low calcium diet, i.e., 200-450 mg. per 
diem.30- 35 While it is probable that the more 
plenteous sunlight enjoyed by dwellers in 
tropical and semitropical countries compen-
sates in part for their low intake of calcium, 
the fact remains that the latter handicap · ap-
parently has not markedly prejudiced the 
height of the adult Bantu groups cited. 
There is, however, one Bantu group whos~ 
intake of calcium is relatively high. In Nyasa-
land, Barker36 ,37 reported that potashes (plant 
ashes) are included in the customary diet al-
most every other day. The ashes of similar 
plants found in the Union contain approxi-
mately 2-5 per cent of calcium.38 According 
to Barker (loc cit), an adult may ingest an 
average of 2 oz. ashes per diem, this amount 
contributing a supplement of over a gram of 
inorganic calcium. While it would be impru-
dent to lay stress on the accuracy of these 
figures, there is no doubt that the Nyasaland 
Bantu with his supplement of calcium salts 
ingests a larger amount of the element com-
pared with the South African Bantu, many 
regional groups of whom do not use potashes. 
At the Witwatersrand Native Labour Associa-
tion Headquarters, previously referred to, the 
height of 480 consecutive Nyasaland adult 
male new recruits was found to average 65.7 
in. , a figure slightly less (though not signifi-
cantly so) than the data for the Bantu groups 
given in Table I. The important point would 
seem to be that the probably large difference 
in the calcium intake of these Bantu popula-
tions has not promoted a marked difference in 
height at maturity. 
THE EFFECT OF CALCIUM SUPPLEMENTS ON 
HEIGHT INCREMENTS 
In seeking more information concerning the 
question at issue, a further avenue of ap-
proach is to examine evidence bearing on the 
use of calcium supplements under controlled 
conditions. The following investigations are 
thus of interest: the first, on African boys, and 
the second, on Indian children. 
In Kenya, at Kabete Reformatory, Orr and 
Gilks39 investigated the effect of various die-
tary supplements on the growth of African 
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boys, of ages 10-17 years, engaged on farm 
work. Each of the four groups of 40 boys re-
ceived one of the following diets. (1) The 
basal diet was composed of maize, beans, 
potatoes, ghee, and salt; it provided 3270 
calories, 112 Gm. protein, and 560 mg. calcium 
per diem. (2) The second group received the 
basal diet plus 3 / 4 lb. maize, providing in all, 
about 620 mg. calcium. (3) The third group 
.consumed the basal diet plus 1 / 4 lb. maize, 
which included 2 Gm. bone flour-providing in 
all a bout 980 mg. calcium. ( 4) The fourth 
group received the basal diet plus 1 pint 
:,kimmed milk-providing in all about 1250 mg. 
calcium. The experiment lasted for six 
months, although the measurements, etc., were 
continued for a further six months. The re-
sults obtained were as follows: 
TABLE II 
The Effect of Various Food Supplements on Height 
Increments 
Supplement No supplement 
period. period. 
. Average. Average 
increase 1n increase in 
height after height after 
Diet 6 months 6 months 
(1) Basal diet (560 mg. 
calcium) 0 .71 in. 0 .66 in. 
(2) Basal diet plus 
::r!"-ize (620 mg. cal-
cium) 0 .97 in . 0 .79 in. 
(3) Basal diet plus 
maize and bone flour 
(980 mg. calcium) 0 .94· in. 0. 76 in. 
( 4) Basal diet plus skim 
milk (1250 mg. cal-
cium) 0 .99 in. 0 .76 in. 
The calcium present in the bone flour is 
known to be available for absorption and 
metabolism.40 If the height of the boys was 
being specifically retarded by lack of calcium, 
the height increments in groups (3) and (4) 
would be expected to be greater than in group 
(2). This was not the case. Within its ex-
perimental limitations, the investigation does 
not indicate that the low calcium intake in 
group (2), which amounted to about half the 
recommended allowance, was prejudicial to the 
rate of growth of the boys. Orr and Gilks30 . 
suggested that the additional increments in 
height in the supplemented groups were prob-
ably due to the extra calories supplied. 
In an investigation carried out in India, 
Aykroyd and Krishnan41 gave 36 children, 
of ages 3 to 6 years, a daily supplement of 
65 mg. calcium (as lactate) for a period of 4 
to 5 months. The children, iri poor nutritional 
condition, and habituated to an unspecified but 
presumably small amount of calcium, gained 
more rapidly in weight and height than did 40 
similar subjects not receiving the supplement. 
Later,42 in 1939, these workers reported that 
when a group of 46 poorly nourished Indian 
children, of ages 6 to 12 years, were given a 
daily supplement of 130 mg. calcium (as lac-
tate) for 11 weeks, they also made significant 
gains over 44 controls in both weight and 
height. The results of the two investigations 
are summarised in Table III. 
TABLE III 
Increases in Height of Indian Children with and with-
out Calcium Lactate Supplements 
Age Period 
3-6 years 4-5 months 
6-12 years 11 weeks 
Average increases in height 
Calcium 
lactate group Control group 
0 .63 in. 
0 .86 in. 
0.42 m. 
0 .72 in. 
The conclusion that the increased height in-
crement was due specifically to a previous de-
ficiency of calcium seems self-evident. Never-
theless, there are two points which argue 
against its ready acceptance. Firstly, the 
calcium lactate groups gained weight more 
rapidly than did the control groups, indicating 
that the supplemented groups consumed more 
food . The responsibility for the additional 
increase in height may thus have been shared 
between the calcium lactate supplement and 
the additional food eaten; to ascribe it wholly 
to the former is unwarranted. Secondly, it is 
well known that many compounds stimulate 
the appetite, directly or indirectly, but such 
an effect surely need not arise from their pre-
vious deficiency. Thus, the spectacular ac-
celeration in growth produced in various ani-
mals by antibiotics (recently reviewed by 
Braude et al) .,43 cannot be attributed to a 
previous dietary deficiency of these substances. 
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From the experiments described, therefore, it 
cannot be assumed with certainty (1) that 
the acceleration of growth arose from calcium 
supplementation per se: (2) that a previous 
deficiency of calcium prevailed.; and (3) that 
calcium was the only key which fitted the 
metabo1ic lock and released or promoted the 
additional increases in heights. 
DISCUSSION 
It must be reiterated that the sole point at 
issue in this paper is whether population groups 
or races ingesting an amount of calcium per 
diem considerably less than the recommended 
allowance, are specifically stigmatised by re-
tarded attainment of height, and by stunted-
ness at maturity. From what has been dis-
cussed, and as far as one can tell from the 
large volume of other relevant information, 
there appears to be no evidence that differences 
in the height of children or of adults are in-
fluenced by differences in calcium intake. It 
is, of course, well known that restriction of 
calcium intake in an otherwise adequate diet 
when fed to growing rats, does cause retarda-
tion of skeletal development.44 There is little 
information available, however, on the low 
level where such retardation becomes operative 
in man. Apart from gross undernutrition, as 
in famine conditions, it is submitted that the 
critical level lies below the wide range of 
calcium conten s of everyday diets consumed 
in different parts of the world. 
SUMMARY 
It is widely accepted that in humans a low 
intake of calcium prejudices the rate of attain-
ment of height and makes for ultimate stunted-
ness. There are, however, so many factors, 
dietary and non-dietary, which influence 
growth, that a precise assessment of the par-
ticular role of calcium is well nigh impossible. 
Children from poor homes, and probably 
with a relatively low calcium intake, are 
certainly inferior in height compared with 
better class children of the same race and 
country. In addition, usually, though not 
invariably, indigenous children irom tropical 
and. semitropical countries, habituated to a 
low intake of calcium, are inferior in height 
compared with Western children. In neither 
case, however, is there evidence that differences 
in calcium intake are specifically implicated. 
Where calcium supplements have been fed 
for short periods to children and youths ac-
customed to intakes of calcium less than the 
recommended allowances, there appears to be 
no critical evidence that these additions have 
specifically produced increments in height 
beyond such observed in controls. 
The conclusion is reached that it has not 
been established that calcium intake per se is 
of importance in regulating height. It is sug-
gested that apart frpm gross undernutrition, 
the critical intake of calcium below which re-
tardation of growth occurs, lies below the wide 
range of calcium contents of everyday diets 
consumed in different parts of the world. 
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RESUMEN 
I, Conduce un consumo escaso de calcio a un 
retraso del desarrollo y crecimiento 
insuficiente? 
Es comunmente aceptado que un consumo 
escaso de calcio perjudica, en el hombre, a la 
velocidad del desarrollo de la estatura y con-
duce finalmente al crecimiento insuficiente. 
Hay, sin embargo, tantos factores, asi dieteti-
cos como no dieteticos, ' que influyen sabre el 
crecimiento, que resulta casi imposible deter-
minar con exactitud el papel del calcio. 
Los niiios de hogares pobres con un consumo 
probablemente insuficiente de calcio son cierta-
mente de estatura inferior, en comparaci6n con 
niiios mas afortunados de la misma raza y del 
mismo pais. Es, ademas, un hecho comun, si 
no invariable, que los niiios indigenos de paises 
tropicales o semitropicales, habituados a un 
consumo escaso de calcio, sean de estatura 
inferior, comparados con niiios occidentales. 
En ningun caso, sin embargo, hay evidencia de 
que diferencias en el consumo de calcio sean 
especificamente implicados en este retraso del 
desarrollo. 
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Ahi donde suplementos de calcio se han 
suministrado durante cortos periodos a nifios 
y j6venes acostumbrados a consumir canti-
dades de calcio menores que las recomendadas, 
no parece exista evidencia de que estas adi-
ciones, especificamente, hayan producido incre-
mentos de estatura mayores que los observados 
en suj etos de control. 
Se concluye que no queda establecido que el 
consumo de calcio sea, por si solo, de impor-
tancia en la regulaci6n de la estatura. Se 
sugiere que, aparte de la hiponutrici6n mani-
fiesta, el nivel critico de calcio en la dieta, 
por debajo de la cual ocurre una retardaci6n 
del crecimiento, se halla por debajo de los 
limites anchos del contenido de calcio de las 
dietas ingeridas diariamente en varias regiones 
del mundo. 
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Studies on Human Bone from South African 
Ban tu Subjects 
II: Histopathological Changes in the Ribs of South 
African Bantu Infants 
By JOHN RIGGI so 
IT HAS been shown, in Part I of this study, that the chemical composition of ribs from Bantu subjects (excluding rachitic infants) is imilar to that of 
Europeans, although the former race is accustomed to a diet judged to be un-
satisfactory by European standards.1 The results, however, do not imply that 
the proportion of total bone to body weight is similar for both races, nor that 
hone growth is normal. As few investigations on bone have correlated chemical 
and histological findings, the present paper describes our histopathological 
observations on the ribs of a series of Bantu subjects, including the 44 Bantu 
infants from the previous study. Since abnormalities due to disease or faulty 
nutrition are most likely to be apparent in infants showing rapid growth, al-
most exclusive attention has been devoted to this age group. 
MATERIALS AND METHODS 
The costochondral junction of the fifth rib was examined in 80 Bantu infants 
dying in hospital over a two-year period . Subjects were selected in that clini-
cians tended to request autopsies on children suffering from nutritional syn-
dromes, and the limited facilities available did not permit a necropsy on all 
infants dying in hospital. Seventy ribs were from subjects under 2 years of age; 
the remaining 10 were from children between 2 and 4 years, inclusive. The 
primary causes of death are given in Table 1. In addition, thirteen ribs from 
European infants, all under 2 years of age, were examined. Ribs from a small 
number of Bantu adolescents and adults were also sectioned and examined. 
The ribs were fixed in 10 % formalin and mainly decalcified in sodium citrate-
formic acid solution, and embedded in celloidin and paraffin. A few ribs were 
decalcified in 5 % nitric acid. Sections were cut at 6 µ. and stained with hema-
toxylin and eosin. 
HISTOPATHOLOGICAL OBSERVATIONS 
Infants 
On section of the costochondral junction, nonspecific growth depression was 
the commonest change observed, this being noted in 40 ribs (50 %). It was most 
marked in cases of severe malnutrition (kwashiorkor), the pathology of which 
has recently been reviewed by Davies.2 In brief, this disease is believed to be 
From the Department of Pathology, Baragwanath Non-European Hospital; and the 
South African Institute for Medical Research, Johannesburg, South Africa. 
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T AB LE 1.- Primary Cause of Death 
Males Females Total 
Kwashi orkor . 12 8 20 
Gastroente ri t is. .. . . . . . . . . . . 7 11 18 
Tubercul osis. 2 5 7 
Respiratory d isease . . . . . . .. •· . 5 6 11 
1iscell aneous .. . .. 11 13 24 
T otal . . . . . . . . . I 37 43 80 
Fm. 1.- Costochondral junction from case of kwashi orkor showing marked growth de-
p ression. Note a lmost complete absence of capilla ry invasion of t he metaphysis. Bant u , 
fe male, SH months. E hrli ch's hematoxylin a nd eosin, X 10. 
due to malnut rit ion and is widespread among African children after weaning. 
It is associated with a fatty liver and general viscera l atrophy. However, as 
lit tle has been published on the bone pathology in this condition, we are pre-
senting our findings in some detail. 
K washiorkor. In the 20 infants dying from this disease, the ribs usually showed 
some degree of " beading" on naked eye examination. Several ribs also appeared 
more ma lleable and easier to cut than t hose from comparable European sub-
jects. 
Microscopic examination revealed the characteristic picture of growth de-
pression, which was observed to a varying degree in all but two ribs. In cases 
with the most marked changes, t he zone of endochondral ossification was re-
duced sometimes to Jess than half the expected wid th, and the area of calcified 
cart ilage also appeared decreased. The number of both columnar and hyper-
t rophied cart ilage cells was diminished, and t he cells themselves were flattened 
and contained pyknotic nuclei. In the subepiphyseal zone, vascular invasion of 
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Fm. 2.- High power view of the same rib as above. Mayer's hemalum and eosin , X 95. 
the calcified cartilage had ceased and the metaphyseal trabeculae were absent 
or short and club-like (Figs. 1 and 2) . Sometimes, the spaces formed by the 
degeneration of hypertrophied cells contained a plug of ossified material, and 
the spaces were separated from each other by a projection of ephiphyseal car-
tilage covered by a thin layer of bone. In some cases, especially in older infants, 
this bar of transverse bone formation was sufficiently marked to be called a 
" line of arrest ." Osteoblasts were relatively few and spindle shaped, and osteo-
clastic activity was slight or absent. In the shaft, the trabeculae appeared at-
tentuated and reduced in number (Fig. 4), being surrounded by scanty osteo-
blasts. In some cases bone formation appeared almost confined to the cortex 
(Fig. 4). 
In ribs where growth depression was less marked, the changes were confined 
to irregular capillary invasion of the epiphysis and reduction in the zone of 
proliferative cartilage cells. In some cases a few of the spaces formed by the de-
generated hypertrophic cartilage cells were lined by a very small amount of 
osteoid. But osteoid formation in the shaft was not obvious. Decrease in the 
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FIG. 3.- Normal costochondral junction from European child of 12 months, dying from 
gastroenteritis. Ehrlich's hematoxylin and eosin, X 95. 
zone of cartilage proliferative cells was still the most obvious lesion in these 
cases. 
In many ribs the bone marrow appeared unaffected and extended to the 
metaphyseal line, but in a third of these ribs it was slightly edematous. In one 
case, considerable edema and degeneration of the marrow were observed, similar 
to the appearances reported in starvation.3 
In the remaining two ribs from kwashiorkor patients, definite rachitic changes 
were apparent. In the one case the infant had been in hospital for 45 days. He 
had improved markedly and was gaining weight on a high protein diet, when 
death occurred from intercurrent bronchopneumonia. No prophylactic anti-
rachitic treatment was given during hospitalization. On admission, an x-ray of 
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F IG. 4.-Shaft of fif t h rib from patient dying from kwashiorkor . A marked diminution 
in t he number of bone trabeculae is observed in compari son wi th t he ri b in Figure 5. Bantu , 
male, 13 months. Mayers hemalum a nd eosin , X 16. 
t he ribs showed no radiological evidence of rickets, bu t at autopsy severe rickets 
was present (Fig. 6). 
Rickets. In 22 ribs (27 %, excluding t he t wo kwashiorkor cases mentioned 
above) significant histological evidence of rickets was found . In fi ve cases the 
condit ion was severe. Our criteria of histological ri ckets corresponded approxi-
mately to those described by Follis.4 It is pos ible, however, that we have not 
det ected all very early cases, as we have found it difficult t o distinguish be-
tween renewal of growth after growth depression , and early rickets. 
The significance of the irregular capillary in vasion of the epiphysis appears 
difficult to assess, especially in some kwashiorkor cases where capillary invasion 
is associated wit h depression of growth, as shown by the decreased wid th of the 
zone of proliferating cartilage. In view of t he light osteoid format ion in some 
cases, this irregular invasion may be regarded as evidence of early acute rickets 
limited t o t his zone. On the ot her hand , it is possible t o regard t hese changes 
as "normal" growth changes after a period of growth depression. In this paper 
these cases have not been included as rachitic, since growth depression was t he 
predominant lesion. 
Remaining Ribs. Of the 38 remaining Bantu infant ribs, in 15 (39 %) the costo-
chondral junction was essentially " normal." One rib showed well-marked con-
genital syphiliti c lesions. The remaining 22 ribs (61 %) showed evidence of 
growth depression, but t o a much lesser extent than t hat found in kwashiorkor, 
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Fm. 5.-Shaft of fifth rib from moderately well-nourished infant dying from acute sup-
purative bronchopneumonia. Compare with Figure 4. Very slight rachitic changes were 
noted in costochondral junction. Bantu , female, 11 months. Mayer's hemalum and eosin, 
X 16. 
Fm. 6.-Moderate rickets in treated case of kwashiorkor after clinical improvement . 
Infant died sudden ly from acute bronchopneumonia. Bantu, male , 14 months. Ehrl ich's 
hematoxylin and eosin, X 20. 
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with the exception of two cases of gastroenteritis associated with severe mal-
nutrition. 
Children and Adults 
Apart from some osteoid in the shaft of one Bantu child, aged 13 years, no 
significant lesion was observed in the ribs of 5 Bantu adolescents and 10 adults 
examined. 
DISCUSSION 
In this series, growth depression was the most frequent lesion observed (52 % 
of cases) and, as anticipated, was most marked in kwashiorkor, in which it was 
almost invariably present. The pathogenesis of this condition has not yet been 
elucidated, but undoubtedly both calorie and protein deficiencies are involved. 
Gillman and Gillman5 have previously mentioned the depression of bone growth 
in three of seven kwashiorkor cases. 
Comparable bone growth depression has been produced experimentally by 
subjecting animals to many different dietary deficiencies, including deficiencies 
of calories, proteins and vitamins. Silberberg and Silberberg6 described in detail 
the bone changes in guinea pigs after periods of underfeeding. They found a 
decrease in the zone of endochondral ossification which was proportional to the 
degree and duration of underfeeding. The cartilage also became edematous, 
swollen and later sclerosed, and the cells atrophied and developed pyknotic 
nuclei. Edema and swelling of the intercellular stroma of the marrow 
was marked, but Harris's lines of arrested growth were not observed. The 
changes in the ribs of children dying from kwashiorkor thus parallel to some 
extent the lesions in these guinea pigs, but sclerosis of the cartilage was not 
observed and the marrow changes were less pronounced, both in the shaft and 
subepiphyseal zone. It is probable that the changes are essentially of the same 
nature but of different degree, being modified in the human by variations in 
the severity and duration of malnutrition. 
Gillman and Gillman have described the generalized osteoporosis apparent on 
radiological examination of Bantu infants dying from kwashiorkor. Our ob-
servations provide histological confirmation for this finding, as illustrated in 
Figures 4 and 5, and suggest that the osteoporosis in these children is due to 
severe growth depression and atrophy, and not to increased osteoid formation 
in the shaft as in rickets. It is clear, therefore, that although the composition of 
bone is normal in most of these subjects, the total quantity of bone in the body 
is probably reduced. 
Histological confirmation is also provided for the existence of rickets among 
urban Bantu children, despite the presence of plentiful sunshine. Unfortunately, 
on the rural population there is inadequate clinical and no histopathological 
data. It should be added that histopathological rickets is also common among 
American children. Follis and co-workers,7 in their study on children up to 2 
years of age, found the disease to be present in over half of a large series ex-
amined, the stigmata being moderate to severe in over two-thirds of the cases. 
It has for long been observed that rickets will not develop during cessation 
of growth,8 and this explains its absence in untreated and progressive kwashior-
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kor. If, however, improvement occurs, growth recommences with irregular 
<)apillary invasion along the junction, and it is probable that in the absence of 
prophylactic treatment rickets will supervene, as in the case described. 
SUMMARY 
In Part I of this study, the chemical composition of rib bone from Bantu 
subjects was found to be within normal limits, closely similar to that of Euro-
pean subjects. 
The present study describes histological findings in a series of Bantu children 
dying in hospital. Observations have shown that, although bone composition is 
normal, this does not imply healthy growth or the absence of osteoporosis. 
As anticipated, growth depression was the most frequent lesion observed, 
being most marked in cases of kwashiorkor. Histological evidence of rickets 
was found in 20 cases (25 % ) . 
Observations suggest that osteoporosis among these children is more likely to 
be the result of growth depression than of rickets. 
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Studies on Human Bone from South African 
Bantu Subjects 
I. Chemical Composition of Ribs from Subj ects Habituated 
to a Diet Low in Calcium 
By A. R. P. WALKER AND ULLA B. ARVIDSSON 
IT IS widely believed that calcium absorption and bone calcification in man are controlled by the amounts of vitamin D, calcium and phytate phos-
phorus ingested, by the calcium/ phosphorus ratio, and possibly by the amounts 
of protein and fat consumed.1 -4 The high cereal diet of the South African Bantu 
is low in vitamin D and calcium and high in phytate phosphorus and has an 
adverse calcium/ phosphorus ratio (occasionally as wide as 1: 10); it is probably 
adequate in calories and gross protein, but is low in fat. 5-10 The diet of these 
people, therefore, excluding that of breast-fed infants,11 • 12 is poor in calcifying 
capacity according to current views.2 , 4 , 13 - 15 There is certainly plenty of sun-
light, an average of eight hours per day in the Transvaal; but some authorities, 
such as Hess, 16 consider that a pigmented skin can promote the development of 
rickets by prejudicing the production of vitamin D from radiation. 
To learn whether the type of diet consumed by these people affects the de-
gree of mineralization of bone, we have determined the chemical composition 
of fifth ribs from a series of Bantu infants, children and adults. Part II of this 
study deals with the histopathological changes observed in these and other 
Bantu infants. 17 
MATERIALS AND METHODS 
The proportions of ash, calcium and phosphorus were determined in fifth ribs 
from mainly consecutive necropsies of 44 Bantu infants, 13 children and 12 
adults. Ribs from 18 European infants and 22 adults were also assayed for com-
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TABLE 1.-Percentage Composition of Dry Defatted Ribs* 
Group Race No. of Ash Calcium Phosphorus subjects 
Infantst Bantu (nonracbitic) 29 55.82 ± 2.4 22.65 ± 1.8 10.70 ± 0.8 
(45. 2- 61. 3) (17 .3- 27 .7) (8. 9-12. 7) 
Bantu (mild rickets) 12 53.42 ± 3.8 21.66 ± 1.9 10.36 ± 0.7 
(46.3- 59.5) (18.1- 24.4) (9.2- 11.5) 
Bantu (severe rickets) 3 52.06 ± 2.4 20.46 ± 1.6 10.50 ± 0.5 
(49.2- 54.8) (18.5-24.3) (9 .8- 11.3) 
Bantu (severe malnu- 12 57 .70 ± 1.8 22.85 ± 0.9 10.80 ± 0.7 
trition, kwasbiorkor) (54.6- 61.3) (20 .6-27. 7 ) (9 .8- 11.8) 
S. A. European 18 57 .04 ± 2.9 22.24 ± 1.7 10.80 ± 0.6 
( 50 .4-61.1) (19.6- 25.9) (9.7-12.1) 
Cbildrent Bantu 13 56.70 ± 2.6 22.74 ± 1.1 10.53 ± 0.6 
(51.4-60.2) (21.3- 24.5) (9.6- 11 .5) 
Adults Bantu 12 57.10 ± 2.8 22.52 ± 1.3 10.44 ± 0.8 
(53.1-63.5) (21.0- 25 .1 ) (8.9- 12.1) 
S. A. European 22 55.67 ± 3.9 22.01 ± 1.5 10.67 ± 0.8 
(45. 9- 60 .0) (18 .4- 24. 6) (8.3- 11.5) 
* It was found that preservation in 10% formalin did not affect analytical data. 
t Up to 2 yrs., inclusive. 
t Three to 15 yrs. 
parison. Unfortunately, the ribs of five European infants and all adults were 
not, like all other ribs, preserved in 10 % formalin, and were therefore not avail-
able for histopathological examination. All subjects died in hospital from dis-
ease, except the European adults who died from traumatic injuries. Duplicate 
analyses were carried out on samples (about 0.5 cm. long) removed just proxi-
mal to the costochondral junction. Adhering fat and muscle were cut away, 
and the pieces of bone were boiled in Bloor's mixture (ethanol 3 parts, ether 1 
part) under reflux for 12 hours to extract all fatty matter. Marrow was also re-
moved from a number of samples, using a dissecting needle, the freeing of this 
material being facilitated by a jet of water. 18 The bones were dried overnight 
at 110 C. Determination of ash, calcium and phosphorus were carried out by 
methods recommended by McCance and Shipp.19 Occasionally, results were 
checked by methods described by Sobel, Rochenmayer and Kramer.20 
Our results are summarized in Tables 1 and 2. 
DISCUSSION 
There is evidence that bones from different parts of the body differ slightly 
in chemical composition.21 • 22 This fact must be borne in mind in comparing our 
data (all carried out on fifth ribs) with those of overseas workers (Tables 3 and 
4). 
Observations on the ribs of infants will be discussed initially and in detail, 
since the changes attributable to diet are most likely to be demonstrable in 
actively growing bone. 
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TABLE 2.- Percentage Composition of Dry Defatted and Demarrowed Ribs 
Group Race 
Infan ts* Bant u (nonrachitic) 
Ban t u (severe rickets) 
Bant u (severe malnu-
tri t ion , kwashiorkor) 
S . A. European 
Childrent I Bantu 
Adults I Bant u 
I S. A. Eurnpeau 
* Up to 2 yrs . inclusive . 
t Three to 15 yrs. 
Infants 









Ash Calcium Phosphorus 
59.9 ± 1.4 23.6 ± 0.7 11.30 ± 0.4 
(57 .0- 62 .2) (22 .0-25 .1 ) (10.6- 11.9 ) 
43.7 ± 6.1 16.60 ± 2.6 8.16 ± 1.3 
(31.1- 50.7 ) (12. 4-19 .7 ) (5.8- 9.6 ) 
60.3 ± 1.6 24.36 ± 0.5 11.38 ± 0 .1 
(58 .4- 62. 2) (23. 7- 25 .1 ) (11.0- 11.7 ) 
58.25 ± 0.7 22.8 ± 0.9 10.90 ± 0.3 
(57 .1- 59 .4 ) (21.8- 24.1 ) (10.3- 11.7) 
59 . 5 ± 1. 4 1 23 . 87 ± 0 . 6 1 11 . 42 ± 0 . 3 
(58 .0- 62.1 ) (23.0- 24 .8) (11.0- 11.9) 
61.9 ± 2.3 24.25 ± 1.0 11.70 ± 0.4 
(58.8- 64 .7 ) (23 .0- 25.6 ) (10.3- 12.3) 
59.6 ± 2.8 23 .87 ± 1.0 11.07 ± 0 .5 
(54.6- 64 .1 ) (22. 3- 25. 7 ) (10.4- 12.0) 
In the dry defatted ribs of the Bantu and European subjects (Table 1), the 
ranges in the percentages of constituents show a wide distribution, but the 
ranges are less wide in the dry defatted and demarrowed ribs (Table 2). It is 
therefore apparent that the wide ranges in the non-demarrowed bones are due 
mainly to differences in the proportion of marrow present. Obviously, as Follis18 
has shown, data on demarrowed bones afford the truer reflection of degree of 
mineralization. However, since many of the earlier published studies were 
carried out on non-demarrowed bone, we have included our results for com-
parison (Table 3). 
The differences between the concentrations of ash, calcium and phosphorus, 
respectively, in the demarrowed ribs of nonrachitic Bantu and of the European 
infants are not significant (Table 2). 
Excluding the infants dying with rickets , we have discerned no correlation 
between nutritional state and the composition of bone. Of the 44 infants, 18 
were still being breast fed before dying; yet the differences in bone composition 
between the breast-fed and weaned infants are not significant, so that separate 
data have not been given . Attention is drawn to the finding of normal composi-
tion of ribs of Bantu infants dying from severe malnutrition, kwashiorkor 
(Table 2). 
Our observations contrast with those of Toverud and Toverud,23 who re-
ported the ribs of infants from well-nourished mothers to be better mineralized 
than from mothers who had consumed a less adequate diet during pregnancy 
(mean percentages of ash, 55.65 and 55.42, respectively ; see Table 3). However, 
the ranges of values were not given, nor were their bones demarrowed . 
In our small series of dried defatted and demarrowed bones examined, we 
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TABLE 3.-South African Data on Dry Defatted Ribs Compared with Other 
Reported Data 
Group Race 
Infa nts• Bantu 
S . A. E uropean 
Norwegian (well-
fed mot hers)23 








S. A. E uropean 
German 35 





• Up to 2 yrs. in clusive. 
t Three to 15 yrs. 
·-
No. of 



















6 6th, 7th 
or 8th 
1 9th 















Ca le iurn Phosphorus 
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40 .1 10.5 18.5 
10.27 
10 .78 
39 .5 10.44 18.3 
39.5 10.67 19.2 
38.8 17 .4 
37. 1 16 .95 
10.11 
39.0 9.55 16 .6 
36.99 8.69 16.68 
found no significant difference between the percentages of constituents in the 
ribs from the Bantu nonrachitic infants and adults. 
Turning now to the infants dying with rickets present; with the mild cases, 
t he average ash and calcium figures are slightly reduced, but with the three 
severe cases, these figures are still further reduced (Table 2), owing probably to 
the presence of osteoid in the shaft. The question arises whether the pattern of 
diet common to the Bantu is responsible for this deficiency disease. In Johan-
nesburg, rickets is common among urban Bantu infants.24 - 26 Yet, Feldman26 and 
Kahn27 have observed that the majority of patients with rickets are breast-fed 
babies under 9 months. Lack of calcium is unlikely to be involved, since we 
have found t he calcium concentration of 190 Bantu breast milk samples to lie 
within normal limits; moreover, the yield of milk is believed to be ample, at 
least for the first six months of lactation. 11 • 12 It may also be pointed out that 
Ritchie28 found t he milk of Australian mothers with rachitic babies to be not 
essentially low in calcium. Feldman26 and Kahn27 have noted that, once Bantu 
infants are able to walk and move around by themselves, the incidence of rickets 
falls rapidly, being rarely seen after the age of 2 years. While a low intake of 
dietary vitamin D and inadequate exposure to the available radiation would 
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T A B LE 4.- South African Data on Dry, Defa tted and Demarrowed Ribs 
Compared with Other Reported Data 
Group Race 
Infa nts* Bant u (nonrac hi -
t ic) 
S. A. E uro pean 
Childrent Ba nt u 
Ameri ca n 's 
E ngli sh37 
Adul ts Ba nt u 
S. A. E uropea n 
Ameri can 's 
E ngli sh37 
* Up to 2 yrs . in clus ive. 
t Three to 15 y rs . 
No. of R ib no. Ash Calcium subj ects 
·- --
8 5t h 59.9 23. 6 
4 5th 58 .25 22. 8 
5 5th 59 .5 23 .9 
4 6t h, 7th 0 1' 8th 25 .11 
11 5th 2-1.-1 
7 5th 61. 9 2-1 .3 
17 5th 59. 6 23 .9 
6 6t h , 7th or 8th 26.1 










appear t o be t he primary cause of rickets among urban Bantu infants , it is 
probable t hat ot her factors are involved, as Follis29 has concluded in relation 
t o the commonness of histological rickets found among American young 
children. 
Children 
Our data on the ribs of Bantu children differ very little from the figures given 
for American and English children (Tables 3 and 4) . 
A dults 
Our findings reveal a close similari ty in the respective mineralization figures 
for Bantu adul t subj ects, South African European, a lso American and German 
adul t subjects (T ables 3 and 4). Our observations support the conclusion of 
Nicholls and Nimalasuriya,30 \Yho found t here was very little difference between 
the percentage of calcium in bones (tibia and femur) from European and from 
Singalese subj ects, the lat ter being habituated to a diet similar to that consumed 
by the Bant u (i.e., low in calcium, etc.) . 
The constancy of composit ion of human ri bs from subj ects of different races 
dwelling in different regions and accustomed to diets of different pattern , dem-
onstrates that the calcium content and the calcium/ phosphorus rat io of the 
diets consumed have very li ttle influence on the percentage composit ion of bone. 
Furthermore, it may be poin ted out that, even under condit ions of severe under-
nu trit ion and starvation, Keys and co-workers,31 from a review of the li terature, 
have concluded the concomitant effect on bone composit ion to be slight . 
Our results on humans confirm conclusions reached from studies on rats,32 
namely, that level of calcium intake, wi thin limits, does not affect percentage 
of calcium in bone. It must be emphasized, however, that our data refer ex-
clusively t o percentage composition, and provide no information on the propor-
t ions of mineral constituents per ki logram of body weight. It is certain t hat on the 
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latter basis there are differences, as are indicated by the photographs of sections 
of Bantu bone given in Part II of this study.17 On the other hand, it must be 
pointed out that there is no evidence, either from the Bantu population or from 
prisoners of war subjected to prolonged gross calcium deprivation,33 that such 
differences are of practical importance in so far as liability to fractures or rate 
of healing of fractures are concerned. 
SUMMARY 
The South African Bantu are habituated to a diet low in calcium and vitamin 
D, high in phytate phosphorus, and with an adverse calcium/ phosphorus ratio. 
According to many authors, such a diet would be expected to influence the de-
gree of mineralization of their bones. 
To investigate this problem, assays of ash, calcium and phosphorus have 
been made on the dry defatted (and occasionally demarrowed) fifth ribs of 
Bantu infants, children and adults, and of European infants and adults. No 
significant difference has been found between the percentage composition of 
(a) infant ribs from both races and (b) adult ribs from both races. All data are 
in close agreement with reported values for white subjects dwelling both in 
South Africa and in Western countries. 
It is concluded that, under local climatic conditions (including plentiful sun-
light), the dark skin of the Bantu does not prevent formation of bone having 
normal mineral composition, nor does the supposedly poor calcifying diet, even 
that consumed by weaned infants dying from severe malnutrition (kwashior-
kor). Our results thus confirm conclusions reached from studies on rats, namely, 
that the level of calcium intake, within limits, does not affect the percentage 
composition of bone. 
The low mineralization figures found in some infants (mainly breast fed) 
dying with rickets, are judged to arise mainly from inadequate intake of vitamin 
D and insufficient exposure to the available radiation. 
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The iron intake of the South African Bantu is unusually high, as much 
as 200 mg. per diem; such iron is largely adventitious and derived from 
utensils used in food preparation; the uptake of the element is particularly 
marked with the traditional fermented cereal foods (pH 2-3), which are 
consumed very frequently in large amounts. 1 At necropsy abnormal 
deposition of iron (or siderosis) is apparent in the tissues of more than 
half the urban adults examined; 2 • 3 • 4 there are high concentrations in the 
spleen, liver, jejunum and bone marrow, but not in the pancreas and heart; 
this distribution differs distinctly from that observed in classical haemo-
chromatosis and transfusional siderosis. 4 Values for serum iron and 
total iron-binding capacity are frequently elevated, and occasionally 
are higher than corresponding values in the 2 diseases just mentioned; 
saturation of the serum is not observed. 5 • 6 Hypochromic anaemia is 
less common than would be expected from the nutritional and parasitic 
conditions prevailing. 7 
In a previous paper, which dealt with the morbid anatomical distribu-
tion of the siderosis, attention was drawn to the commonness of haemo-
siderin-containing macrophages in sternal marrow smears from adult 
patients. 4 Recently one of us (B.G.G.), in the course of an unpublished 
study 8 of 110 consecutive necropsies of adult Bantu, found 2 cases of 
collapse of lumbar vertebrae. In these patients the vertebral bodies 
showed intense brown colouration which, on histological examination, 
was found to be due to heavy deposition of haemosiderin. There was 
no evidence of replacement of fibrous tissue in the collapsed vertebrae. 
In these and in other severely siderotic bodies microscopic examination 
revealed haemosiderin in both fixed and free macrophages of the bone 
marrow, extracellular deposits also being noted occasionally. There were 
no haemosiderin granules present in the bone trabeculae. Severely siderotic 
bodies showed evidence suggestive of bone atrophy and diminished 
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osteoclastic activity. The osteoporosis was particularly marked m the 
2 patients with collapsed vertebrae. 
The precise aetiology of the osteoporosis and collapse of the vetrebrae 
as seen in the Bantu is still obscure and is being investigated at this hospital. 
Thus Grusin 9 has noted that osteoporosis and scurvy are frequently seen 
together in the same patient. He has also found osteoporosis and collapse 
in comparatively young patients (as young as 34 years), which indicates 
that senility is not a major aetiological factor. Siderosis is so common 
in the Bantu that it was decided to investigate its role in the aetiology 
on the osteoporosis. To throw light on this issue we have determined the 
concentrations of iron and also of ash and calcium, and the mineral 
density, of vertebral bodies from a series of consecutive necropsies of 
Bantu adults; also of European adults to serve as controls. Such informa-
tion should reveal whether intensity of siderosis can be correlated with 
bone composition and density. 
MATERIALS AND METHODS 
Material 
The vertebral bodies from mainly the 5th, though occasionally the 
6th and 7th, thoracic vertebrae were removed at consecutive necropsies 
of 77 adults, comprising 47 men and 30 women. Ages ranged from 20 
to 73 years, the mean age being 43 years. Subjects included 2 males aged 
51 and 54 years with collapsed vertebrae, which were osteoporotic accord-
ing to both radiological and histo-pathological assessments. All subjects 
came from areas where previous ·studies had shown habitual intake of 
iron to be high. 
For controls, vertebral bodies from the 5th thoracic vertebrae were 
obtained from consecutive necropsies of 11 European adults, comprising 
7 men and 4 women. Ages ranged from 34 to 88 years, the mean age 
being 66 years. 
In no case was the primary cause of death related to the presence or 
absence of siderosis or osteoporosis. 
Methods 
Chemical analysis. For chemical analysis, segments of the vertebral 
bodies, and occasionally the total bodies, were taken. To facilitate removal 
of material adhering to the bone, samples were boiled in water for 2 hours. 
The material was cut away by means of stainless-steel forceps, scissors 
and scalpel. The last traces were removed by erosion with a garnet sand-
paper attached to a plane circular rotating surface. Samples were finally 
dried overnight in a hot-air oven at 90-95° C and then weighed. Ashing was 
carried out, also overnight, at 450°-550° C. After moistening the ash with 
a few drops of glass-distilled water, 5 ml. of iron-free concentrated HCl 
were added, and samples were covered with a watch-glass and left until 
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solution was effected. This took anything from a few minutes to 3 days. 
The solution, after boiling and diluting with water, was filtered; the basin 
was washed twice with N/2 HCl, and the extracts bulked to 100 ml. Iron 
was determined by the thioglycollic-acid method, 10 and ash and calcium 
as described by McCance, Widdowson and Shackleton.11 
Density determinations. Mineral matter per unit volume of vertebral 
body was estimated as follows: First the volume of the vertebral body 
was determined. For this purpose a wide-mouthed weighing bottle, 
2 inches in diameter and 2 inches deep, was placed in a 6-inch Petri dish on 
a plane surface. The vessel was carefully filled with mercury, by means of 
a burette, to the point of just overflowing, the slight overflow being re-
moved with a capillary pipette. The vertebral body, held by thin-pointed 
forceps, was slowly and with the utmost care, submerged in the mercury, 
and as carefully withdrawn. The displaced mercury was weighed and, 
its density being known, viz., 13 ·55 at 20° C, its volume was calculated, 
this figure being equal to the volume of the displacing body. Vertebral 
bodies which permitted significant penetration of mercury were excluded 
from density-measurement studies. Duplicate determinations agreed to 
within 1 %. Correction was made for the volume of the points of the 
forceps introduced into the mercury. To check the accuracy of the method, 
the volume of various small bodies (lumps of various ores, pitch, plastics, 
etc.) were determined by the mercury-displacement method and then by 
the Archimedes method (weighing in air and then in water with appro-
priate corrections). Values were found to agree within 5 %. From the 
volume of the vertebral body and the weight of the ash on ignition, the 
mineral matter per unit volume of body could be calculated. 
The density of the bone ash was determined as follows: A 10-ml. specific-
gravity bottle was weighed, filled with chloroform at 20° C and weighed 
again, and the volume occupied by the chloroform calculated (density 
of chloroform at 20° C is J ·49). Vertebral-body ash was introduced and 
weighed. The vessel, with frequent swirling, was slowly filled with chloro-
form at 20° C, and weighed again. From the weight of the added chloro-
form, and hence its volume, the volume occupied by the ash, and hence 
its density, could be calculated. Results on duplicate determinations 
agreed to within 1 %. 
De-marrowed vertebral bodies. Marrow was carefully removed from a 
number of opened vertebral bodies by means of a dissecting needle. 
Marrow was also removed from other opened bodies by the extraction 
method described by Williams and Irvine, 12 i.e., with a constantly boiling 
mixture (l 18° C at sea level) of aqueous (80 %) ethylene diamine in a 
Soxhlet extractor. 
RESULTS 
Tables I - III give data of percentage mineral composition and other 
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data for the vertebral bodies of Bantu and European subjects. Tables IV 
and V summarize the data of mineral density. 
In view of the range of iron-concentration found in European vertebral 
bodies, siderosis in the Bantu was regarded as absent or slight with values 
up to 100 mg. Fe % dry weight; moderate at 100- 1,000 mg. Fe%; and 
severe if exceeding 1,000 mg. Fe %, 
TABLE I. PERCENTAGE MINERALIZATION DATA OF VERTEBRAL BOD IES OF BANTU AND 
EUROPEAN GROUPS OF SUBJECTS 
(Means, standard deviations, and ranges) 
Group of No. of Age Iron Ash Calcium 
Subjects Subjects (years) (mg. %) (g. %) (g,%) 
European 11 66 ·0± 18 -4 33 ·4± 14 ·O 33·0 ± 7·1 11 ·6 ± 4 ·5 
(34-88) (18 ·6-66 -4) (24 ·4-46 · l) (8 ·7-16 ·l) 
Bantu-siderosis 
absent or mild, 34 38-4 ± 16 ·7 43 ·5 ± 16 ·6 40·7 ± 5-4 15 ·5± 2·2 
< 100mg.Fe% (16-72) (21 ·4-72 ·O) (3 l · 3- 50 ·6) (11 ·2- 20 ·2) 
Bantu- siderosis 
moderate, I 00-- 31 46 ·0 ± 15 ·7 433 ± 272 41 ·9 ± 4 ·2 15 ·8 ± 2·3 
1,000 mg. Fe % (26-73) (I 14-992) (35 ·7--48 ·9) (J l ·4-22 ·0) 
Bantu- siderosis 
severe, > 1,000 12 44 ·5 ± 10 ·2 1430± 381 38 ·9 ± 4 ·8 15 ·7 ± l ·7 
mg.Fe % (20--56) (1008--4009) (30 · 1--44 ·8) (12·0--17·8) 
TABLE II. REPRESENTATIVE MINERALIZATION DATA ON ADJACENT THORACIC VERTEBRAL 
BODIES JN BANTU AND EUROPEAN SUBJECTS 
Position of Age Iron Ash Calcium 
Subject Vertebra (years) (mg. %) (g, %) (g. %) 
European 5 72 22 ·l 31 ·0 I l ·7 
6 35·9 30·0 11 ·2 
Bantu with no 5 72 43 ·9 50·6 21 ·I 
siderosis 6 33 ·9 51 -4 19 -4 
Bantu with severe 5 56 1021 ·O 46 ·2 17 ·3 
siderosis 6 1126 ·O 46·8 16 -4 
TABLE Ill. MINERALIZATION DATA ON VERTEBRAL BODIES OF BANTU SUBJECTS DYING WJTH 
COLLAPSED VERTEBRAE . 
Age iron Ash Calcium 
Subject Position of Vertebral Body (years) (mg.%) (g. %) (g,%) 
{Collapsed lumbar vertebra 1,103 32·9 
Bantu male 51 
5th thoracic vertebra 1,298 30 · I 13 ·7 
{Collapsed lumbar vertebra 1,923 41 ·6 19·4 
Bantu male 54 
5th thoracic vertebra 4,009 36 · I 16·9 
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TABLE JV, MlNERAL DENSITY DATA ON BANTU AND EUROPEAN VERTEBRAL BODIES 
(Means and ranges) 
No . of Iron Ash Calcium 
Subjects Subj ects (mg. /ml.) (g. /ml.) (g ./ml.) 
European 8 0 ·2 0 ·17 0 ·055 
(0 ·1- 0 ·4) (0 ·15- 0 ·20) (0 ·03---0 ·07) 
Bantu . Siderosis absent o r II 0 ·2 0 ·2 1 0 ·08 
slight (0 ·1- 0-4) (0· 14-0 ·24) (0 ·05---0 ·09) 
Bantu. Siderosis moderate 13 4 ·3 0 ·18 0 ·075 
or severe (0 ·7-8 ·6) (0· 14- 0 ·24) (0 ·05- 0 ·09) 
TABLE V. MINERAL DENSITY DATA ON VERTEBRAL BODY BONE ASH FROM BANTU AND 
EUROPEAN SU BJECTS 
(Mean values and ranges) 
Subjects No. of Iron Ash Calcium 
Subjects (mg./ml. (g. /ml. (g./ml. 
bone ash) bone ash) bone ash) 
European 9 3 · l 2·95 I ·01 
(J ·8- 6 ·7) (2 ·86-3 · I 0) (O ·66-1 ·31) 
r siderosis absent or 8 4 ·l 2·98 I ·21 
slight (2 ·l-7 ·2) (2 ·83- 3 ·09) (0 ·89-1 ·44) 
Bantu l 
Siderosis moderate 9 95 2 ·99 I ·19 
or severe (1 l ·4-200) (2 ·81- 3 · 11 ) (0 ·91- 1 ·43) 
The extent of the leaching-out of the iron by the 10 % formalin was 
found to be insignificant ; even with the intensely siderotic bodies the iron 
concentration in the formalin did not exceed 3 ·2 mg. Fe per 100 ml. 
Next, the increase in the iron concentration in the water used for boiling 
the bodies to facilitate the removal of cartilage was also very small- not 
exceeding O ·8 mg. per 100 ml. The iron concentration in the cartilage 
did not exceed 5 · 3 mg. Fe per I 00 g. in the Europeans ; in Bantu in whom 
siderosis was absent or mild, the figure varied from 19 ·5 to 44 ·O mg. Fe 
but in the presence of intense siderosis the amount varied from 55 ·5 
to 102 ·8 mg. Fe per l 00 g. of dry cartilage material. Hence the presence 
of small traces of cartilage adhering to vertebral bodies is unlikely to affect 
the chemical data to any significant extent. 
DISCUSSION 
Information on the iron _concentration in human bone, whether cancellous 
or compact, from any part of the body is extremely meagre. In a recent 
review on the storage of elements in the skeleton , Duckworth and Hill 1 3 
dealt with the concentration of 36 different elements, but iron was not 
mentioned. Even before the present century, German workers had noted 
the large number of diseases in which some measure of siderosis was 
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apparent at necropsy. Thus in 1882 Peters (quoted from Hunter14) listed 
no less than 30 diseases. It is therefore surprising that at present, well 
over half a century later, extremely little is known of the iron concentra-
tion of vertebral bodies of subjects, whether in health, or suffering from 
diseases such as classical haemochromatosis, transfusional siderosis, 
pernicious and haemolytic anaemias, and so forth. 
The occurrence of several extremely high iron-concentrations in the 
Ban tu vertebral bodies examined (Table l) reaching 120 times the mean 
concentration in the European vertebral bodies, is noteworthy. In a pre-
vious study it was found that in the presence of intense Bantu siderosis 
the hepatic and splenic iron-concentrations reached as much as 50 and 
80 times respectively the concentration in non-siderotic vertebral bodies. 
It will be observed that the ranges of mineralization data (ash and 
calcium) in both Europeans and Bantu bodies are wide (Table 1). The 
means for ash and calcium concentrations in the 3 Bantu groups (Table I) 
are closely similar and it is clear that there is no correlation between 
such concentrations and the severity of the siderosis as reflected by the 
mean iron-concentrations. On a mean percentage weight basis, the 
European vertebral bodies contain a significantly higher proportion of 
organic matter than do the Bantu bodies (P < 0 ·05). In the bone ash 
the mean percentages of calcium are: in the Bantu group with siderosis 
absent or slight, 38 ·I % Ca; with moderate siderosis, 37 ·7% Ca; with 
severe siderosis, 40 -4 % Ca; and in the European group, 35 ·2 % Ca. 
The mean value for the 77 Bantu bodies is 38 ·8 % Ca. The mean calcium-
concentration in the bone ash of the Bantu vertebral bodies is not signific-
antly higher than the mean for the Europeans. Incidentally in a previous 
investigation 15 we found the mean percentage of calcium in the bone ash 
of 5th ribs of 12 Bantu adult and 22 Europeans to be identical, namely, 
39 ·5 %. 
In Table l r representative data are given for adjacent vertebral bodies 
from European and Bantu subjects. Data are similar, although not 
identical. In view of the self-contained character (speaking relatively) 
of the vertebral bodies, such differences are not unexpected. Moreover, 
with other bony tissues there is evidence that the composition differs 
from bone to bone within the same body; 16 • 17 even in the same rib, 
differences in chemical composition have been noted throughout the length 
of the bone. 1 8 
Turning now to our mineral density data on bone and bone ash (Tables 
IV and V), we find that the mean mineral matter per unit volume of 
European vertebral bodies is almost identical with the mean of the Bantu 
group with moderate and severe siderosis. The mean value for the 
European group is significantly less than that for the Bantu group among 
whom siderosis is absent or mild (P < 0 ·05). Several of the siderotic 
bodies had a density value of less than the mean; on the other hand 
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this was not always the case. There is thus no clear-cut correlation between 
mineral density data and the severity of siderosis. Incidentally, we wish 
to emphasize the finding of satisfactory mineral density in the vertebral 
bodies of the Bantu, who are habituated to a calcium intake far less than 
the allowances usually recommended. In osteoporosis, the bone trabeculae 
are fewer and thinner, while the interstitial spaces are larger; hence, 
although a given weight of osteoporotic bone has the same mineral com-
position as a like weight of normal bone, a given volume of osteoporotic 
bone would weigh less than its counterpart of normal bone. In the severely 
siderotic bodies, were osteoporosis or bone atrophy marked, it would 
be expected to be manifested in the density data, i.e., mineral matter per 
unit volume of body. In the present series, this figure in the European 
bodies varied from 0·15 to 0·20, and in the Bantu bodies from 0·14 
to O ·24; no clear-cut correlation was apparent. 
The correlation of severe siderosis and osteoporosis in the vertebral 
bodies assessed histologically, and the lack of correlation between iron 
concentrations and mineral density data, is probably an apparent rather 
than a real disagreement. Firstly, it will be evident that a marked reduction 
in tnineral density (possibly attributable to siderosis) could occur without 
necessarily depressing the figure below the normal range. Secondly, 
the vertebral bodies on which density determinations were made did not 
include, unfortunately, those of the 2 patients dying with collapsed 
vertebrae; moreover, since collapse occurs only at 1 or 2 points, it would 
be incorrect to assume that the mineralization of any one vertebral body 
is representative of the mineral density of the spinal column. 
To pursue the density aspect further, horizontal macro-sections about 
1/10 inch thick were taken from vertebral bodies representative of each 
group, shaken in alcohol, dried, and examined by naked eye. It was not 
possible to satisfactorily pick out which were (!) European bodies, (2) 
Bantu bodies with slight siderosis, and (3) Bantu bodies with severe 
siderosis. Further, samples of vertebral body from which marrow had 
been extracted were examined under a dissecting microscope by Dr. A. G. 
Oettle of this Institute; observations regarding mesh, regularity and 
trabeculae revealed slight, though not invariable, differences between the 
groups. No bone, including those classified as severely siderotic, could 
be regarded as atrophic, and all observations were in harmony with the 
respective mineral density data. 
We wish to emphasize that our knowledge of the whole subject of 
osteoporosis and mineralization is far from satisfactory. For example, 
in regard to radiological assessment, Baker and associate workers19 
took X-ray pictures of a series of slices of different thicknesses of the 
cortex of bovine femurs; they found that under the conditions of clinical 
radiology it required at least 50 % increase in calcium content to give any 
clearly visible differences in radiological density. Babaiantz20 found that 
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when human vertebral bodies were slowly de-mineralized with dilute 
nitric acid, and X-rayed at regular intervals, 30 % of the calcium had to 
be removed before the loss was apparent radiologically, and 50 % before 
the body could be described as osteoporotic. Obviously, clarification of 
this subject will be possible only when a large series of relevant subjects 
are examined radiologically before death, with subsequent studies on the 
histo-pathology, composition and density of the vertebral bodies. Table 
V shows that the mean density of bone ash from the vertebral bodies of 
all groups is the same; there is thus no correlation between bone-ash density 
and siderosis. 
In a previous paper it was concluded that there is no evidence that 
excessively high iron stores arising from oral iron 'overload' are detri-
mental to well-being, although the possibility that pathological lesions 
might ultimately occur could not be excluded. In classical haemochroma-
tosis, where extremely heavy deposits of iron are usual, Sheldon 21 con-
sidered that some obscure disturbance of calcium metabolism is present; 
although, in his more recent contribution, X-rays are reported to reveal 
no abnormality. 22 No reports have been found of osteoporosis occurring 
characteristically in transfusional siderosis, pernicious anaemia, or other 
diseases marked by abnormal iron deposition, although the subject 
appears to have been little investigated. It would thus seem that siderosis 
per se does not cause an osteoporosis. In the present series of 80 consecu-
tive Bantu adults examined at post-mortem, there were 2 cases of collapsed 
vertebra, yet very severe siderosis was noted in 12 ·vertebral bodies. 
Collapse of the vertebrae thus occurred in only l out of 6 adults with very 
severe siderosis. While, therefore, it appears certain that siderosis is not 
the major aetiological factor in the type of osteoporosis and collapse 
of the vertebrae under discussion, its role as a promotive factor clearly 
requires further study. It is planned to investigate the problem more 
intensively when a large series of vertebral bodies from patients dying with 
collapse ultimately become available. 
SUMMARY 
Abnermal deposition of iron in various tissues is noted in about one-
half of urban Bantu adults examined at necropsy, the siderosis being 
attributable primarily to habitual excessively high intake of iron. 
Generalized osteoporosis with collapse of lumbar vertebrae has been 
observed in a small number of Bantu subjects, whose bone marrow re-
vealed intense deposition of haernosiderin. In addition, a degree of bone 
atrophy has been noted in sections of severely siderotic vertebral bodies. 
In view of the association of collapse and osteoporosis with siderosis, 
the possible causative role of the latter has been investigated. 
A. series of thoracic vertebral bodies has been studied from consecutive 
necropsies of Bantu adults, and of European adults as controls. Our 
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findings indicate: ( l) Extremely high concentrations of iron are common; 
15 % of bodies from consecutive subjects had concentrations exceeding 1 % 
of iron in dry weight, i.e., about 30 times the normal proportion present. 
(2) There appears to be no clear-cut correlation between iron concentra-
tion, and ash and calcium concentrations, reckoned on either percentage 
or volume basis, i.e., severe siderosis is not necessarily associated with 
low mineral density. 
It is suggested that siderosis is not the major causal factor in the collapse 
and osteoporosis of the vertebrae occasionally seen in the adult Bantu ; 
as a promotive factor, however, the role of siderosis merits further 
investigation. 
For advice and criticism in the investigations described, we are indebted to Drs. B. J. P. 
Becker, J. Higginson, W. J. Pepler, F. W. Fox and A. G. Oettle, of this Institute; and 
to Dr. H. Grusin of Baragwanath Non-European Hospital. 
We are grateful to Dr. B. J. P. Becker, who provided us with the vertebral bodies of 
the European adults. 
This paper is published with the permission of the South African Council for Scientific 
and Industrial Research. 
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THE SIGNIFICANCE OF LOW SERUM CALCIUM VALUES IN THE SOUTH . 
AFRICAN BANTU 
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According to accepted standards, the diet of the South 
African Bantu, in common with that of many indigenous 
peoples dwelling in tropical and semitropical countries, is 
markedly deficient in calcium1-6• Moreover, as we have 
mentioned elsewhere,7 the dietary intake of vitamin D is 
negligible, that of phytate phosphorus is high, the 
calcium-phosphorus ratio is adverse (occasionally as wide 
as 1 : 10), and the intakes of protein and fat are less than 
are usual among White communities. These dietary 
factors are listed by many authorities, for example 
Bicknell and Prescott,8 as being unfavourable for the 
absorption of calcium. There is, of course, plenty of 
sunlight (an average of9 hours per diem in the Transvaal) 
although some authorities like Hess9 consider that a dark 
skin militates against the production of vitamin D from 
radiation. According to current views, stigmata of 
calcium deficiency should be apparent, and low levels of 
the element in the blood serum have been listed by some 
investigators.10, 11 That low levels are common among 
Natives of Southern Africa, who are habituated to a low 
intake of calcium, is borne out by local evidence.12, 1 3 
Nevertheless, the view that low serum calcium values are 
evidence of calcium deficiency, and of reduced body 
stores, etc., is of questionable validity and ·open to a 
number of criticisms which will be discussed in this paper. 
For a number of years at this centre we have been 
interested in the subject of calcium metabolism under 
conditions of low intake, and consequently we have 
determined serum calcium values on children and adults 
as opportunity offered. Particular attention has been 
given to pregnant and multiparous long-lactating mothers, 
among whom the effects of the drain of the element on 
serum values are of obvious interest. 
We wish to stress that our studies concern Bantu 
children and adults in outward good health, and that 
subjects with altered serum calcium concentrations 
a_rising from various metabolic disorders, including 
nckets, have been excluded. The metabolism of calcium 
in the latter disease will be discussed in another paper. 
SUBJECTS AND METHODS 
(I) Boys. (a) 23 subjects, aged 7-12 years, . were out-
patients at Coronation Non-European Hospital, Johan-
nesburg, suffering from cuts, minor burns, and other 
ailments not likely to influence serum calcium levels. 
(b) A further group of 54 boys, aged 14-15 years, were 
delinquents at Diepkloof Reformatory, Johannesburg. 
They had been detained there for some months, and were 
employed on farm lands producing food (including milk) 
for their own consumption. 
(2) Adult Males. 48 men, aged 18-40 years, were 
newcomers from different Southern African territories 
examined in Johannesburg and passed as medically fit for 
service on the gold mines. 
(3) Adult Females. The 33 adult women were either 
out-patients or newly-admitted in-patients at Bara-
gwanath Non-European Hospital, Johannesburg, suffer-
ing from ailments unlikely to affect their serum calcium 
levels. 
(4) Pregnant Women. The 38 subjects examined were 
out-patients in their last trimester attending either 
Baragwanath Hospital, or a peri-urban health centre 
(Mooiplaats) near Pretoria, for routine examination. 
Medical officers considered their state of health to be 
representative of urban Bantu pregnant women. 
(5) Lactating Women. The 55 subjects studied were 
either patients in Baragwanath Hospital admitted on 
occasions when their babies required treatment, or were 
out-patients attending that hospital or the peri-urban 
health centre mentioned previously. The mothers 
selected and studied were considered to be representative. 
Subjects had had 2 or more children, and had fed their 
babies for at least 5 months up to 12 months, the babies 
deriving all or almost all their nourishment from the 
breast milk. 
Blood samples were taken by venipuncture, usually 
about 11 a.m. Serum calcium was determined by the 
method of Tisdall and Kramer as modified by Clark and 
Collip.14 
The results are summarized in Table I. For com-
parison, data on other groups of subjects are included. 
2 
TABLE !.-SERUM CALCIUM VALUES IN BANTU AND OTHER GROUPS 
Group Subjecls No. 
Serum Calcium (mg. %) 
Range Mean 
1. Boys . . (a) Bantu (Coronation) .. 
(b) Bantu (Diepkloof) .. 
23 
54 
8·8 - 11 ·8 
9·2 - 12·6 
9·9± 0·8 
10·3± 0·9 
2. Adult Males 
3. Adult Females .. 
4. Pregnant Women (7-9 months) 
5. Lactating Mothers 
DISCUSSION 
Kikuya 12 
Belgian Congo 16 •• 
American 15 
. . Bantu (Southern Africa) 
Bechuanas 18 
Kikuya 12 •• 
Indian 17 
Indian (students) 1s 
Indonesians 19 
American Negroes 20 
Irish (working class) 21 
Irisll (students) 21 •• 
Bantu (S. Transvaal) 
American 22 
American 23 





. . Bantu (S. Transvaal) 
It will be apparent that our results on Group la boys 
and on our adult males and females, groups 2 and 3, 
eonfirm the findings of other local workers, 12,13 namely 
that mean serum calcium values in the Bantu are roughly 
one-tenth lower than the figures for the corresponding 
groups of White subjects cited. 
The initial question is whether these low values are 
compatible with good outward health, or whether they 
are essentially pathological and . likely to be associated 
with relevant clinical stigmata. The Porto Rican soldiers 
studied by Ashford and Hernandez, 26 the Bechuana 
Bantu investigated by Squires,13 and also the Bantu 
mine-workers studied by us, all were in good outward 
health; moreover, the last group was passed as medically 
fit for hard physical work. Yet both Squires' subjects and 
our own were drawn from populations known to have 
been habituated to a calcium intake considerably less 
than that common among Europeans. The first point 
then is that low serum calcium values are common and 
that they occur in apparently healthy hard-working 
people. 
If low values are not pathognomonic per se, what is 
their significance, i.e. what do they indicate or measure? 
The following 2 points are relevant: 
(1) It has been observed that subjects habituated to a 
low calcium intake, and who have low serum calcium 
levels, may have the latter raised by improvements in 
diet. Thus, a group of Chinese mothers in poor nutri-
tional condition had an average serum calcium value of 

































7·6-11 · l 
9·7 - 11 ·3 
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8·9 - 11 ·3 
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became 9.3 mg. %.27 The Indian repatriated prisoners-of-
war studied by Walters et al. 28 had an average serum 
calcium value of 8.6 mg.%; on hospitalization this was 
raised to 10.2 mg.%- The Central African patients of 
Orr and Gilks 12 had an average value of 9.3 mg.% 
before entering hospital; after treatment (for tropical 
ulcer) the mean value became 10.5 mg.%- Further, 
although our data on the Bantu boys in Groups la and 1 b 
are not strictly comparable, it is probable that the higher 
mean value for the boys from Diepkloof Reformatory 
was due to their consumption of a diet of superior 
nutritional value compared with the diet of the out-
patient boys living in Coronationville. The rise in values 
in the examples described may have been due either to 
the consumption of a more nourishing diet (more protein, 
etc.), or to the ingestion of a higher calcium intake, or to 
both causes. 
(2) With White subjects, investigation has shown that 
administration of calcium supplements can slightly 
elevate serum calcium levels.29- 31 The elevations occur 
within 2 hours after ingestion of the supplementary 
calcium; further, the elevations appear to be transitory, 
lasting for a few hours only and returning to previous 
levels once the supplements are no longer given. The 
rapidity of elevation and fall suggests that serum calcium 
levels are unrelated to extent of body stores; also, it may 
be inferred that the elevations described in the previous 
paragraph were due to increases in calcium intake rather 
than to other changes in diet. 
Briefly then, it would seem reasonable to consider that 
low mean serum calcium values in population-groups 
probably reflect habitually low intakes of the element, and 
do not essentially indicate low body stores. 
Serum calcium in pregnant Bantu women. In White 
women it is a common observation that as pregnancy 
progresses serum calcium concentration falls, but returns 
to its previous level after partudtion. 32 If serum calcium 
concentration in the Bantu responds to pregnancy in the 
same way in White women, then, assuming the groups 
to be comparable, one would expect the mean concen-
tration for the group at term to be lower than the mean 
value for the non-pregnant group. Our Table, however, 
· indicates an apparent rise during the pregnancy of Bantu 
women; moreover, the value at term approximates to 
that for the groups of White mothers mentioned. 
Serum calcium in multiparous long-lactating Bantu 
mothers. An average White mother has a total body-
calcium of approximately 900-1, 100g. 33 During 
pregnancy, she provides the foetus with 20-30g. 
calcium, 33 and if she feeds her baby exclusively by 
breast feeding for 6 months, she loses an average of 60 g. 
calcium. 34 For the Bantu, neither the total calcium in 
the mother nor the amount of the element in the foetus 
has yet been determined. The drain of calcium from 
the breast milk, however, is known to be similar to that 
for White mothers. 35, 36 It will be apparent, therefore, 
that lactation, especially prolonged lactation as is usual 
among the Bantu, constitutes a much greater demand for 
the element than occurs during pregnancy. It is interest-
ing therefore that the mean serum calcium concentration 
for our 55 multiparous long-lactating mothers was found 
to be higher than the mean value in the non-pregnant 
state and also higher than the mean value at term. 
Unfortunately, no corresponding data for long-lactating 
White mothers have been reported. Our findings are in 
harmony with the absence of reports of the occurrence 
of osteomalacia in pregnant and lactating Bantu women, 
despite their being accustomed to a diet of low calcium 
content. To throw additional light on the subject it is 
our intention to determine serum calcium values from 
early pregnancy until late in lactation in the same 
individual Bantu women. To obtain such data will 
obviously take a considerable time, and it has been 
thought worth while to publish such information ,as we 
have already secured. 
While it is apparent that good health may be enjoyed 
despite low serum calcium levels, it may be of interest to 
enquire whether the latter predispose to certain condi-
tions, for example low calcium concentration in breast 
milk, inferior mineralization of bone, proneness to 
fracture of bones, and increased incidence of dental 
caries. 
Calcium concentration in Bantu breast milk. Since milk 
is isotonic with blood, and milk calcium is derived from 
blood calcium, the question arises whether the low serum 
calcium values sometimes, though infrequently, observed 
in l,actating Bantu mothers (Group 5) prejudice the 
calcium concentration of the breast milk. Firstly, the 
calcium · concentration of Bantu milk, as alluded to 
above, has been found to vary within wide limits, 35,36 
yet no wider than those limits and with the same average 
value that have been reported for American 34 and 
British 37 mothers' milks. Next, our detailed observations 
have revealed no correlation between serum calcium and 
3 
breast-milk calcium values in the same mother. Obser-
vations on cows have shown that in the presence of low 
calcium intake and depleted calcium r~serves, milk of 
normal calcium concentration is produced, but the yield 
is reduced. 38, 39 Local paediatricians, however, maintain 
that Bantu mothers almost invariably have a good yield 
of milk, and aver that for the first 6 months there is 
parity in growth and general health between European 
and Bantu babies when exclusively breast fed. This 
information suggests, therefore, that low calcium intake 
and occasionally low values in the serum prejudice 
neither the calcium concentration in the breast milk, 
nor the total yield of milk. 
Mineralization of bone. In Ceylon, the general calcium 
intake is low,40 but unfortunately no serum calcium data 
are available. However, Nicholls and Nimalasuriya 
40 
found the mineral composition of various bones from 
Singalese subjects to be the same as for European 
subjects who had been resident and had died in Ceylon. 
We have carried out a similar though more extensive 
study in this country, reaching the same conclusion.
41 
Low serum values are therefore compatible with normal 
composition of bone. 
Proneness to fracture of bones. Even though bone 
composition be normal it is conceivable that a low cal-
cium intake and low serum calcium levels may reduce 
the total amount of bone laid down, thereby reducing 
tensile strength and predisposing to fractures . There 
appears to be no evidence that this is the case, in so far 
as fractures are concerned, for the view has been 
expressed that even with gross deprivation of calcium 
and other nutrients, adequate trauma is necessary to 
cause fractures.42 , 43 But exact data of this type on the 
Bantu, or indeed on any other population, are not easy 
to obtain. Indirect evidence is available from the 
t million Bantu mine-workers employed on the Wit-
watersrand; for senior medical officers consider that 
these Natives, who are accustomed to hard and sustained 
physical work, are no more liable to fracture their bones 
than are Europeans. It is also considered that when 
fractures occur in the Bantu, callus formation is more 
extensive and rate of healing more rapid than are 
observed with Europeans suffering from corresponding 
injuries. While these impressions are not decisive, they 
suggest that low serum calcium values per se, correlate 
neither with a high incidence of fractures nor with a 
delayed rate of healing. 
Proneness to dental caries. Many authors believe that_ 
a low intake of calcium militates against satisfactory 
dentition and promotes dental decay. A corresponding 
claim does not appear to have been made in respect of 
low serum calcium values. It may be added that evidence 
from this country,44 , 45 Bechuanaland,46 Southern 
Rhodesia,47 and Central African territories,48 indicates 
that the general incidence of dental decay among the 
Bantu is lower than among Europeans. 
SUMMARY 
Serum calcium values have been determined in groups 
of Bantu children and adults in good outward health. 
It has been found that, in common with other populations 
dwelling in tropical and semitropical countries, low serum 
calcium values are frequently observed. 
Discussion of our results and other relevant informa-
tion indicates the following: (1) Low serum calcium 
values are compatible with good outward health. 
(2) The values probably reflect habituation to a relatively 
low intake of calcium. (3) They do not provide an indica-
tion of the extent of stores of body calcium. ( 4) They do 
not predispose to (a) low concentration of calcium in the 
breast milk; (b) poor mineralization of bone; ( c) prone-
ness to fracture bones, or (d) an increased incidence of 
dental caries. 
We are grateful to the Medical Officers at the various hospitals 
and other centres who facilitated our collection of blood samples. 
This paper is published with the permission of the South African 
Council for Scientific and l:ldustrial Research. 
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Does a Low Intake of Calcium Cause or 
Promote the Development of Rickets~ 
By A. R. P. "WALKER, M.SC., PH.D.* 
THE PRESENT position regard
ing the re-
quirement of calcium and the signs of 
its deficiency is far from satisfactory. 
This is evident from recent publications. 
Thus, Hegsted and co-workers1 •2 have noted 
that the recommended allowances of calcium 
are based largely on balance observations, the 
uncertainties of interpretation of which are 
well known. Goldsmith,3 moreover, has re-
iterated Macy's contention of ten years ago, 
namely, that "neither the most satisfactory 
level of calcium intake nor the optimal reten-
tion of calcium at any physiologic age or stage 
of man's development is known." 
A high intake of the element is often recom-
mended on the grounds that a low intake 
causes or predisposes to the development of 
rickets.4- 10 But it is noteworthy that standard 
textbooks on pediatrics, in the main, do not 
appear to regard level of calcium intake of 
much significance.11- 13 Moreover, other au-
thorities reject the implication of calcium de-
ficiency in the etiology of the disease, main-
taining that it does not occur provided ade-
quate vitamin D be present (excluding vitamin 
D-resistant rickets) .11•14 •15 In view, first, of 
the differences of opinion on the subject, and 
second, its relevance to recommended calcium 
allowances, it has been thought desirable to 
examine the literature and seek to learn to 
what extent calcium is involved in the etiology 
of the disease. The conclusion reached in this 
paper is that there is no specific evidence that 
From the Human Biochemistry Unit, South Afri-
can Institute for Medical Research, Johannesburg, 
and South African Council for Scientific and Indus-
trial Research . 
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a low calcium intake promotes, still less causes 
rickets, such findings thereby increasing mis-
givings on current views on calcium require-
ment and deficiency. 
The first point to be appreciated is that there 
are a large number of factors which militate 
against a precise evaluation of the role of 
calcium intake in rickets.t 
FACTORS WHICH MILITATE AGAINST SATISFAC-
TORILY ASSESSING THE ROLE OF CALCIUM 
DEFICIENCY IN THE ETIOLOGY OF RICKETS 
(1) Uncertainties in Diagnosis 
There are four types of diagnostic criteria: 
clinical, radiological, histo-pathological, and 
chemical analysis of bone. 
(a) Clinical Assessment. Among pedia-
tricians, there is no dispute as to the signs of 
severe rickets. But the same unanimity of 
opinion is absent over mild rickets, the clinical 
signs of which Par1P6 stated to ·be "notoriously 
deceiving and cannot be relied upon." 
(b) Radiological Assessment. The previ-
ous statement likewise applies to diagnosis 
from roentgenograms. It must be stressed 
that the i·adiological picture associated with 
poorly mineralized bone can arise from many 
causes and, as ' Youmans17 has pointed out, 
too often osteoporosis has been uncritically 
interpreted as the result of lack of calcium. 
Furthermore, the poor measure of agreement 
between clinical and radiological assessments 
of rickets deserves emphasis. In the British 
Pediatric Survey ,18 which was carried out in 
1942 by a panel of specialist workers, the 
clinicians confirmed positive radiological 
opinion in less than half the cases of rickets; 
t Throughout this paper clinical rickets is in mind 
unless otherwise stated. 
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conversely, the radiologists confirmed positive 
clinical opinion in one out of twenty-five cases. 
( c) Histo-pathological Assessment. Here, 
the assessment is based on microscopic ex-
amination of a section of the costo-chondral 
junction of the rib. Unfortunately, however, 
there are differences in grading adopted by 
different groups of workers. In the compre-
hensive studies of Follis and co-workers,19•20 
histologic rickets was stated to be presen~ in 
over half of the large series of American 
children examined at necropsy, severe rickets 
being present in about two-thirds of the cases. 
Were the same standard of critical judg-
ment used for non-American children (usually 
in a less privileged nutritional condition), the 
proportion graded as free from rickets would 
be very small indeed, in which case the condi-
tion could be regarded as of normal or even of 
physiological occurrence. 
(d) Chemical Analysis of Bone. Very few 
studies on the composition of human bone in 
rickets have been carried out, as is evidenced 
by Hawk et al. 21 citing German studies ex-
clusively, which were published over forty 
years ago. A recent investigation has been 
carried out by this Unit on the chemical com-
position and histological appearance of the 
fifth rib of South African Bantu infants, chil-
dren, and adults (also European controls). In 
mild rickets, it was found that mineralization 
data (ash, calcium, and phosphorus) lay 
within the same range as for non-rachitic sub-
jects; only in severe rickets (graded clinically 
and histologically) were reduced values 
found.22,23 Unless the rachitic lesions be 
severe, therefore, chemical analysis of bone 
appears to be of little diagnostic value. 
In view of the above difficulties, it would 
simplify the position if all four criteria for 
rickets could be used on the same patients. 
But since histological and chemical studies 
can be undertaken only on post-mortem mate-
rial, and since it is very rare among Western 
peoples for young children to die with severe 
clinical rickets, such an investigation could 
be carried out only with the greatest difficulty. 
(2) Limitations of Studies on Children 
The only reliable method of determining the 
relationship between the occurrence and 
severity of rickets, and the habitual level of 
. calcium intake, would be to induce rickets in 
young children on diets low only in calcium, 
and then to observe the effect on the lesions 
of appropriate additions of calcium salts. To 
deliberately induce rickets in children is, of 
course, out of the question. As Mackay24 
succinctly observed at a symposium on dis-
eases of infancy held in London, "How 
many members would offer their babies as 
experimental animals for a study of the in-
fants' requirements of this or that nutrient?" 
In regard to therapeutic investigation, if 
deficiency of the element is implicated in 
rickets, then at least some ameliorating effect 
should be demonstrable with calcium supple-
ments only. But in order satisfactorily to 
demonstrate and assess this therapeutic effect, 
several difficulties will be met. First, as al-
ready indicated, the position relating to the 
assessment of the severity of rickets is un-
satisfactory. Uncertainties would therefore 
be present not only in choosing a comparable 
group of patients to be studied, but in assess-
ing the progress made; in the British Pediatric 
Survey18 referred to, there were frequent dif-
ferences of opinion over the presence of "ac-
tive" and "healed" rickets. Next, it would 
be essential to know the calcium status of 
patients. But as Darby,25 also Goldsmith,3 
have noted, there is no present method of 
determining calcium status, i.e. calcium stores, 
and past and present calcium intakes. 
Finally, regarding treatment, difficulties in-
volved in keeping, not only the diet, but the 
degree of exposure to ra'cliation ?arefully co~-
trolled for protracted periods, will be appreci-
ated. Unless all variables are kept to a mini-
mum clear-cut conclusions cannot be drawn. 
Th~ difficulties described thus show some of 
the obstacles which must be overcome before 
the role of calcium intake in rickets can be 
evaluated. 
Quite apart from the uncertainties out-
lined inherent in such an investigation, no 
stud; appears to have been made in which 
' 
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the response to calcium has been compared 
with the response to vitamin D , or calcium 
plus vitamin D . Such a study was not in-
cluded in the classical investigation of rickets 
in Vienna in 1919-1922,26 possibly because 
the usual hospital diet, which was shown to 
have no healing effect on children with 
rickets, was already rich in calcium. That 
severe rickets can occur in the presence of 
ample calcium has, of course, been observed 
from early times.6•12•26- 30 The fact that the 
remedial effect of calcium has not been demon-
strated satisfactorily does not, however, 
prove that a supplement of calcium has no 
effect on rickets. But in view of the large 
amount of interest taken in the etiology of 
rickets by able authorities of the past, 
Cheadle,27 Findley ,28 Mellanby ,6 Hess,11 
Park,29 and others, it would seem reasonable 
to consider that whatever healing effect is 
engendered by the addition of calcium only 
can be of little clinical significance. 
CALCIUM INTAKE AND RICKETS IN POPULATIONS 
AND POPULATION GROUPS 
It is widely held that the requirement of 
vitamin D is influenced, inter alia, by the 
amount of calcium ingested; i.e., a high cal-
cium intake requires less vitamin D to facili-
tate its absorption compared with a low in-
take, and vice versa.31 •32 In other words, 
some vitamin D can spare some calcium. 
However, as Jeans33 has stressed, with de-
creasing calcium intake, vitamin D cannot 
compensate indefinitely, for a point must be 
reached where, even if all the calcium ingested 
were absorbed, the amount absorbed would be 
insufficient for satisfactory bone formation. 
But the critical level may well be lower than 
is generally imagined, for equilibrium and 
good retentions are known to occur at low 
levels of intake.34-39 This is attained, first, 
by absorbing a greater percentage of calcium, 
and second, by reducing the amount excreted; 
i.e., retentions can be comparable to those 
obtaining with higher levels of intake. 
What happens, then, to the incidence of 
rickets when the calcium intake is lowered, 
as often occurs in wartime, or, when it is 
habitually low? These two states will be 
considered separately. 
The Incidence of Rickets among Populations 
whose Calcium Intake has been reduced 
It must be constantly kept in mind that 
rickets is a disease of growing bone, for 
among children whose growth is retarded or 
arrested, rickets is not observed.4 •6 •26- 29 Now 
all diets which support growth must contain 
a modicum of calcium. If calcium intake be 
decreased, what point is reached first? Is it 
the point where insufficiency of the element 
causes bone to be poorly mineralized, or, is it 
the point where the concomitant lack of other 
nutrients ( calories, proteins, etc.) causes a 
slowing down of growth, thereby automatically 
arresting the development of rickets? Were 
the former alternative valid, rickets would be 
a characteristic feature of undernutrition. 
But this is not so. Reviewing wartime ex-
perience as a whole, Keys et al.40 have con-
cluded that there was no increase in the inci-
dence of rickets. Furthermore, under con-
ditions where all nutrients were often severely 
restricted, as at Belsen,40•41 Warsaw,42 starving 
Holland in 1945,43 and in the Japanese 
prisoner of war camps,44 rickets was not ob-
served. Evidently the diets consumed either 
had suffi cient calcium available for satisfac-
tory bone growth, or, before the level of cal-
cium became too low, lack of other nutrients 
arrested bone formation and rickets did not 
supervene. It is apparent, therefore, that the 
belief that progressive lowering of calcium 
intake causes or promotes the development 
of rickets is not supported by wartime experi-
ence. 
The Incidence of Rickets among Population.~ 
whose Calcinm Intake -is habitiially low 
Populations may be divided into two 
groups: (1) those dwelling in the tropics and 
semitropics, where the intake of calcium is 
habitually low, but where available radiation 
is plentiful; and (2) those dwelling in 
northerly countries where the calcium intake 
is higher, but where available radiation is less 
plentiful. 
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( 1) Populations where Ca lei um Intake is 
low but Radiation plentiful. 
In several regions in the tropics and semi-
tropics, for example, East Africa,
45 Rhodesia,46 
Indonesia,47 Burma,48 and rural India,49,50 
although the habitual calcium intake is almost 
invariably low, clinical rickets is believed to 
be rare. In South Africa, in both rural and 
urban areas, such rickets is rare among the 
school child51- 53 and the younger population.
54 
However, in crowded centers of population, in 
South Africa,55- 57 as well as in India 
49-so 
' 
rickets is common and occasionally severe. 
In Johannesburg, for example, rickets is fre-
quently observed, but the majority of the 
patients are breast-fed Bantu babies whose 
intake of calcium is normal. After two years, 
when the child begins to move around and 
fend for itself, rickets is rarely seen, although 
at that time the child's calcium intake (in 
proportion to its accepted requirement) is at 
its lowest throughout the life period.so,s1 
Gillman and Gillman58 have noted their as-
tonishment that gross bone deformity is not 
more widely prevalent in older Bantu chil-
dren. 
Concerning adult rickets or osteomalacia, 
no case of this disease in a pregnant Bantu 
woman has yet been reported from Central or 
Southern Africa. The disease is common in 
India,50 though apparently only among women 
who practice purdah (seclusion). It is of 
interest to note that there is evidence that 
the poorest of Chinese women who are forced 
throughout the season to work in the fields do 
not get osteomalacia, despite the consumption 
of a most unsatisfactory diet characterized 
by its low calcium content.
59-61 Among 
Chinese women on a slightly higher social 
plane, and who can afford to remain indoors, 
particularly throughout the inclement winter, 
osteomalacia is common. There appears to 
be no evidence, therefore, that a low calcium 
intake causes or promotes the development of 
osteomalacia. 
(2) Population Groups among whom Cal-
cium Intake is higher, but available Radia-
tion is less plentiful. 
Unfortunately, no investigation on the inci-
dence of rickets occurring exclusively among 
low consumers of calcium has been carried out. 
There are, however, a number of studies which 
suggest indirectly that the level of calcium 
intake is of little relevance in the disease. A 
few examples will be given. Glasgow is situ-
ated in latitude 58° ; moreover, being an in-
dustrial city 1 reduction of ultraviolet radi
ation 
by smoke and smog must occur to an appreci-
able extent. In this city 1 one of the most com-
prehensive studies on rickets was carried out 
by Findlay and Ferguson in 1919.
62 A salient 
finding was that although the diet consumed 
by the non-rachitic children was only slightly 
superior to that of the rachitic subjects, of 
the latter, 40 per cent were not taken out 
regularly, while only 4 per cent of the non-
rachitic children had been confined indoors 
regularly. More recently, Rustung
63 carried 
out a study of rickets incidence still further 
north in an inland Norwegian valley. The 
incidence of the disease was high, particularly 
up to school age (30-40 per cent). The diet 
was composed mainly of cereals and vege-
tables, with a variable though usually a small 
amount of milk. Rustung found that free-
dom from rickets was closely associated with 
the length of time the children spent in the 
open air. 
Furthermore, the frequently observed and 
sometimes dramatic effect of season on the 
incidence of rickets, despite probable con-
stancy of calcium intake, is pertinent. For 
example, in a study in wartime Denmark, 
Fredericia 64 reported that the incidence of 
rickets in the first year of life was 22 per cent 
in the spring, but only 1.4 per cent in the 
summer and autumn. 
The examples given, while not demonstrat-
ing calcium intake to be of no importance, at 
least suggest that level of calcium intake has 
little etiological significance. 
Briefly, then, the evidence on the popula-
tion groups discussed here, although it is ad-
mittedly inadequate, provide no support for 
the belief that the level of calcium intake is an 
etiological factor in the development of 
rickets. 
. 
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COMMENT 
It will be apparent from what has been dis-
cussed that a low calcium intake per se does 
not cause rickets. It is possible that low con-
sumers of calcium are more susceptible to 
vitamin D deficiency than are high consumers 
of the element: i.e., for an equal vitamin D 
deficiency, a subject habituated to a low cal-
cium intake may develop rickets earlier and 
more severely than a subject used to a higher 
intake. But there appears to be no evidence 
in favor of this possibility. Certainly, among 
the reasons advocated for a high level of cal-
cium intake (and no dietary standards body 
has yet adduced detailed clinical and patho-
logical evidence in support of this) , it would 
be unwarrantable to include prophylaxis 
against a deficiency disease whose relation-
ship to calcium deficiency is so far from being 
established. It would be equally unwarrant-
able, as the writer has shown elsewhere, to 
recommend a high calcium intake to guard 
against the inhibiting effect of phytate phos-
phorus on the absorption of calcium,65 to en-
sur!3 adequate mineralization of bone,22 or to 
safeguard against retardation of growth or 
stuntedness at maturity.66 
In the light of the foregoing, it is submitted 
that the time is opportune for a re-examination 
of the whole position relating to calcium re-
quirement and deficiency stigmata. 
SUMMARY 
It is widely believed that a low intake of 
calcium can cause or predispose to the de-
velopment of rickets. 
To determine accurately the responsibility 
borne by a low level of calcium intake in the 
etiology of rickets is almost impossible, due 
to (1) the unfeasibility of carrying out a care-
fully controlled study, (2) uncertainties in 
the diagnosis of the disease, and (3) lack of a 
reliable method of assessing the calcium status 
of patients. 
If calcium deficiency be implicated, calcium 
salts should evoke some ameliorating response. 
Such an effect has not been satisfactorily 
demonstrated. 
Wartime experience has indicated that when 
calcium intake is reduced, even drastically, 
no increase in the incidence of rickets occurs. 
In tropical and semitropical countries where 
a low calcium intake is almost invariable, 
rickets is uncommon when advantage is taken 
of the available radiation. In countries less 
favored in the latter respect, no studies on 
rickets appear to implicate, even indirectly, 
the level of calcium intake as an influencing 
factor. 
While there seems to be no evidence that a 
low calcium intake promotes, still less causes, 
rickets, the possibility that level of intake has 
a modicum of etiological significance cannot 
be completely excluded. It would seem 
wholly unwarrantable, however, to list pro-
phylaxis against rickets as a reason for in-
sisting on the high intakes of calcium at pres-
ent recommended. 
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It is often thought that ma.ny of the stigmata seen in 
middle a ged and old people are either due to, or are promoted by 
t he , recess of age ing. This view, however, is one which requires 
constant :re-app:,:,aisal as newer lmowledge becomes available on 
popul ations in different parts of the world. The res 11lt is that 
mnny conditions or diseased states conunon in t he West are fotmd 
to be imposed , not e ssentially by age i ng , but by particular con-
texts of environment, nnd poss ibly by the C!rpe rat ion of an ethnic 
factor. 
In considering this subject , it is imperative, of 
c ourse , to allow for the differences in a··7e structure which are 
f otmd al most inv~riably in contrasting popul at i ons. In the 
United States, expectation of life has risen fr om a.bout 50 years 
at the turn of the century to a l most 70 years at the present 
t . 1 1.me; 
older; 
in 1900, 4 per cent of the population were 65 years or 
by 1960, t he pr oport ion of such people had risen to 
l 9 per cent. Among a somewhat primitive and tmderdeveloped 
popula. tion 9 however, such as the South 1\frican Bantu, present 
expectation is not known but certainly it is less than 50 years, 
this lower figure being due primarily to the still high mortality 
rate prevailing among the very young. The pr oportion of urban 
Be..nt u aged 65 ye ..:- rs and over is about l. 5 - 2. 0 per cent. 2 
Accordingly, for the above reason alone,£!:~~ prevalences of 
certain deeenerative diseases or other stigmata associat9d with 
ageing are far higher in privileged compared with less privileged 
communi t ias. Comparisons of the health situations in different 
populations are itleaningful only when data. relate to corresponding 
age groups. 
2 
ii. few of the conditions or diseased states often 
l:i.riked with the ageing process will now be discussed. 
1-!EIGHT: Formerly, gain in weight with age among 
adults was thought to be unavoidable. But this is not the 
case with various primitive or relati,~ly indigent populations, 
e . g. poor Indians,3 African Sa~buru4 and Bushmen. 5 In the 
United States, it has heen estimated that one fifth of the 
population over age 30 (about 15 mill ion persons) may be con-
sidered overweight (i.e . 10 per cent above 11 idear' weight); 
about 10 per cent is obese (15 per cent over "ir'tea.l"weight ); 
finally, A-bout 5, 5, million (approxima tely 3 pe r cent) are 
patholor~ically obe se (20 per cent 2.bove "ide 1.l" weight).
6 
The 
hazar ds to health and expectation of life from this cause are 
well documented. 
BLOOD-PRESSURE: Among '.fhite populations blood 
pressure rises with age . In son1e }Ton- '11:lite popula tions , e.g. 
U. S ,A, Negroes, the rate of increase wi.th a p;e is ,.r1i.::.ch greater 
than ti.1at of \:lhites. 7 Yet among a number of primitive or 
indigent popul0,t i ons , e,g. poor Indic1,ns,3 African Samburu4 and 
Bush;nen, 5 certain Australasiar..8 and South Ar,ierican populations, 9 
and Gilhertese, l O blood pressure does no·c rise with age. 'l1he 
handicap to heal th i :mposec!. by hypertension is well established; 
in p2:.rticular, there is increased liaoilit;y to die from hyper-
tensive heart disease, cerebral vascular disease, coronary 
heart disease, and diabetes . 
SERUM CHOT..J.-.:1I1EROL COHCENrR"tTION: - ·- ··LO. ______ ,.. _____ ~~-- ·--..- .. -
lations anc'~ prosperous Non-Nhite populations , it is usual for 
serum cholesterol and other blood lipi d components to rise with 
a t~ · Yet only a slight rise or e ven no rise with age has been 
3 
reported to occur among rnany underprivilege d Non-White popu-
1 t I ,. 3 1 J 11 d t.. a ions, e. 0 • poor nc, i ans, rura .a,pane s e, a n cer~ain 
groups of South African Bantu. 
12 
Among populations wh o 
have habitually low serum cholesterol levels, the severer 
sequelae of atheroscleroses are seldom seen, and deaths from 
coronary heart disea se are r a re. 
AR'rERI AL DEGENEFIAT ION: Ntunerous studies have been -----· - -----·--- ----
carried out on the pa,thologic changes in arte r ies with age . 
Certain de generat ive changes arise and develop, even in 
foetuses; 13 but the severe changes often seen in the arteries 
of the privileged in l a te youth 9 middle and old nge, a.re not 
physiologica l.
14 Fatty streaks appear to be ubiquitous in man, 
yet ulcerc1;t ion and calcification, are not . 
lations, the ca lcium concentrat~on of aorta changes only slightly 
.... C. td<VOlt.'IJ_ tnt1.J.J-i.,11,t I 14 15 
with a ge; in stGs ;Q,
1
the concentration incr eases considerably. ' 
Furthermore 9 i n some popule,t i ons, the t hickness of t ~1e wall of tlE 
aort0, or corono,ry vessels in adults change s little; in 
privileged popula tions the thiclmess may increa se t hree fold 
·t, 16, 17 ·wi 11 age. 
CQ3 0N_'.l.J1.Y HE.l\B-1'_. DISEASE : In most Western populati ons 
this disea se is the leading ca us e of death of adults . In New 
York , the disease accounts for a bout a t h ird of a l l deaths in 
the 47 - 74 years perioa.. 18 In Johannes:-:rnrg, South Africa, 
the figure for Whites is closely simila r; 19 in Joha nr1esburg Jews, 
t , t · · h · h 20 A d · '1 d 1 t. ne propor ion is i g_er. mong un erprivi e ge popu a ions 
the relevant morta lity rate (age specific) often is fe,r lower. 14, 16 , 17 
Deaths from the disease rema in rare among the South African Bantu, 
even, inexplicably, among the sophistica ted moiety pm·suing lives 
in .:nany respects similar to those of \vhites. 19, 20 
4 
GLUCOSE TOLfillc'i.NCE 1\l)HffiMALIT'Y _J-1.ND DULBErES: In 
Western populations, glycosuria, glucose tolera.nce abnormality, 
and diabetes ar-e cormnon. But they are less common or even 
J • A k E l . 21 d rare 2.nong certain popula. c ions, e.g. las an s _<imos, an 
the indigenous popul a tion of Pa pua and New Guinea. 
22 
Loc2.lly~ among 400 i nct.igent Bantu "pensioners" in Johannesburg, 
a ged 60 - 1 00 years (average age 67 years) , we f ound 1 hour 
post prandial glycosuria present in 6 subjects (1. 5 per cent); 
e.1:d hyperglycaemia (2 hou.1'.'s post-prandial capillary blood "true" 
glucose, exceeding 120 mg. per cent) in 2 subjects (0.5 per 
cent. ) The c orresponding proportions of these conditions fotmd 
in the diabetes study at Bedford, England, were approxin1::1,tely 9 
and 5 per cen\ respectively. 23 In a younge r Bantu popul~t ion, 
so 
namely, ~ school teachers, 45 - 60 years olct, we found glucose 
tolerance glycosuria and "diabetic abnormality" in 4. 0 and 0, 0 
2/. 
per cent respectively. t In the Bir,1inghal'l. diabetes study, 14. 5 
per cent of the population over 50 years showed " diabetic 
abnormality" . 25 It is clear from these figures t hat glucose 
tolerance abnormality of the intensity and frequency seen in 
elderly White populations, is not an accompaniment of ageing 
C:STEOPOROSIS: Osteoporosis (pos t-me~opausal and 
senile) is a very c ommon skeletal disorder during the mia.dle and 
old age of Whites. In U. S.A. 9 one report indicates there to be 
some 4 million sufferers with severe vertebral lesiuns. 26 The 
c ondition, however, appears to be seen far less c ommonly in 
U.S.A . Negroes, 27 or in the Bantu, in spite of their low calcium 
intake, which , in mothers 9 is exacerbated by the heavy drain of 
th 1 t f b . d 1 ' t t . 28 e e e men rom numerous pregnancies an ong iac a ions. 
Osteoporosis, then, cannot be regarded as a phenomenon associated 
5 
with ageing per s~. 
COHMENT. 
From t he illust r a tions g iven it will be apparent 
that many of the c onciitions and diseases affecting the middle-
aged and elderly in '!estern and other sophistica ted populations, 
either occ1..T less conunonl zr or scarcely at a ll in under-
privileged popul at ions accustomed to a r,ri mitive; frugaJ, or 
simple manner of life. 
One importrm t quest ion which arises is, - wha t can 
be done by Western popula tions to a ttain s ome of the enviable 
aspects of the physiologic pic tu:r:·e of the pr i mit i ve and under-
privileged, yet without losing any of the c orrunendable fe '.ltures 
of their own health picture? Converse ly, what c an be done by 
u..>1.derprivile ged populE1.tions to reduce their often high mortality 
from deficiency diseases and infections} without l osing, directly 
or indirectly , any of the corm~endable aspects of their own health 
picture? Ll most innUl!lerable investigations are being undertaken 
in many parts of the world whose objects of re search lie within 
the c ompass o.f these quest ions . Among Western popul a tionsp the 
i mp~ct of e~lighten_ment, in r espect of attempt s to ameliorate 
the conditions and diseases referred to, has been slight. In 
r egard of t he l ess-privileged popula tions, s1-A.ch a a the Bantu, 
wh ile morbidity and mortality r a tes from deficiency and infectious 
diseases are falling, the prevalencei of overweight and h;yperten-
sion, stemn1ing from the availability of plenteous calories and the 
urbanized way of life, a re rising rapidly. 29 It would seem a 
forlorn hope to seek t o engender t he milieu in wh ich the best 
health aspects of each way of life may be ret~ined, because, 
speaking generally, they are incompqtible and cannot c o-exist in a 
6 
free society. Only at times when dieta.ry and other changes 
are involunt2.rily i mposed , as in certain European countries 
during and after '\/orld War II, may widespread beneficial 
c'.1anges ensue. In some of the c ountries g,ffected, it was 
re ported that obes ity became less prevalent , 30 coronary 
atherosclerosis became less marked,31 limited evidence 
suggests t hat deaths from coronary heart disease may have 
decreased, 32 and deaths from diabetes fel1. 33 Yet once the 
conditions of privation were removed, the prevalences of these 
diseases and conditions rose even hiGher thnn the rrevious 
peace-time l eve ls . 
The subject ~mder discussion is one which has exercised 
:'tan down through the centuries. For those who lived righteously, 
t here wa s t he promise, "with long life will I sat isfy him". 34 
'rhe search for the "Elixer of Life" by alchemists was costly in 
fortunes and in life long labour. At t he pr esent time there is 
no doubt t .a t despite sustained endeavours, our knowledge of the 
r:iinimal patholocical sequelae of ageing is still very defective. J.7, 35-37 
Only in non-sophisticated rural popul~t i ons of the type describai, 
accustomed to a settled and traditional manner of existence, will 
it be possible to attempt to arrive a t the definition of the 
cbanges , - clinica l, metabolic, and pathological, which arise 
specifically fr om ageing. There Rre a number of isolated comnu-
nities in different parts of the world, not in nutritional want, 
yet not exposed to plenty, who fulfil these conditions, and who 
would t he refore be suitable for the intensive and long-term 
prospective studies wbich are required. 
- 7 
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Chemical and Pathological Studies on Aortic 
Atherosclerosis 
A Comparative Study of One Hundred Twenty-Eight Aortas in S outh African 
Bantu and White Subjects 
M. ANDERSON, B.Sc.; A. R. P. WA LKE R, Ph.D.; W . LUTZ, D.Sc., and JOHN HIGGINSON, M.R.C.P., 
Johannesburg, South Africa 
Introduction 
The rarity of myocardial infarction 
among the hospitalized South African 
Bantu pas made them a suitable community 
for studying the geographical pathology of 
atherosclerosis and coronary heart disease. 
It is generally accepted that myocardial in-
farction is rare in the Bantu,1-4 but there 
is less certainty regarding the incidence of 
severe atherosclerosis. While atherosclero-
sis is widespread, it has been reported that 
in the older age groups severe atherosclero-
sis is less frequent than in Denmark and 
North America,1 •4 but this has recently 
been denied by Laurie and Woods.5 
Since our earlier observations on the 
severity of atherosclerosis were subjective, 
we have attempted to determine whether 
these racial differences could be demon-
strated more objectively by chemical analy-
sis. Earlier studies, especially on the lipid 
fractions, indicated the feasibility of doing 
so in population groups, if not in individ-
uals.6•7 At the same time it was hoped that 
further information would be obtained on 
the value of this method in grading. 
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Accordingly, the dry weight, ash, and 
calcium, total fat, cholesterol, phospholipid, 
total nitrogen, elastin, collagen, and hexosa-
mine concentrations were determined in 
aortas from Bantu and white subjects. 
While the extent of our study was limited 
and our series is small, it appears worth 
recording, since our findings indicate that 
racial differences in the chemical composi--
tion of the aorta do exist. They also cast 
some light on the value of these methods 
as a means of objective grading of athero-
sclerosis. 
Materials and Methods 
Source of Aortas.-The aortas from Bantu sub-
jects were obtained from consecutive autopsies at 
Baragwanath Hospital, and those from white sub-
jects, at the Johannesburg General Hospi tal. To 
increase numbers in certain age groups poorly 
represented in the hospital material, unselected 
aortas were also obtained from the Medico-Legal 
Laboratories in Johannesburg. All aortas were un-
selected except that cases of syphilitic aorti tis were 
excluded. Altogether, 70 aortas from Bantu sub-
jects and 58 from white subjects were available 
for study. 
The unfixed aortas reached the laboratory with-
in four hours of removal from cadavers. They 
were then graded and photographed. After st rip-
ping the adventitia and trimming, blocks fo r his-
tology were taken through the severest lesions in 
the arch and descending and abdominal portions. 
This also permitted a check on the adequate re-
moval of the tunica adventitia. 
A. Chemical Analysis 
The aortas were cut up into portions about 0.5 
cm. square and dried for 24 hours approximately 
in a vacuum desiccator over concentrated sulfuri c 
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acid. This procedure removed all but about 5'% 
moisture, the residual figure being determined on 
a separate small sample of tissue dried to constant 
weight at 100 C. The vacuum-dried material was 
ground in a Willey Mill, using 20-mesh sieve, and 
stored in airtight receptacles in a cool place. 
Ash and Calcium.-Ash and calcium were de-
termined as described by McCance and Shipp.• 
Total Lipid.-From 200-400 mg. of dry tissue 
was extracted with Bloor's mixture (alcohol-ether, 
8 :3) for 10 hours in a Soxhlet apparatus. The 
solvent was removed and the lipids extracted with 
petroleum ether (petroleum benzin), at 60-80 C. 
The latter was evaporated off, and lipids were 
dried to constant weight at 70-80 C. Duplicate 
analyses agreed to within 2%. 
Phospholipid.-The method of King• was em-
ployed. Duplicates agreed within 1%. 
Cholesterol.-From 50-100 mg. of tissue was 
digested for about three hours with 0.2 NaOH. 
The mixture was extracted three to four times 
with alcohol-acetone ( l : l). The supernatant 
liquors were decanted off and made up to volume 
(25-100 ml.). Cholesterol was determined by the 
Liebermann-Burchardt color reaction, as described 
by King.• Duplicate analyses agreed to within 3%. 
Total Nitrogen.-This constituent was deter-
mined by a micro-Kjeldahl method, as described 
by Pregl.1° 
Collagen and Elastin.-One hundred milligrams 
of tissue was defatted with 100 ml. of alcohol-
acetone ( l : 1). The supernatant was removed by 
decantation and autoclaved with 5 ml. of distilled 
water in 20 ml. test tubes with raw cotton ( cotton 
wool) for three hours at 25 lb. pressure. This pro-
cedure was repeated three times. The supernatant 
fluids were then poured off, pooled, dried in an air 
oven at 80 C, and evaporated to dryness. This 
operation converts the collagen to gelatin but leaves 
the elastin undissolved. Both elastin and gelatin 
fractions were hydrolyzed separately with 2 ml. of 
6 N HCl for six hours at 25 lb. pressure. Hydro-
lysates were neutralized with 6 N NaOH, filtered, 
and bulked ( usually to 25 ml.). The amounts of 
elastin and collagen were determined by liberation 
of hydroxyproline, as described by Neuman and 
Logan,11 the conversion factors being 7.46 for 
collagen and 52.3 for elastin. Ox hide, highly 
purified (95% collagen), was used as a control 
and hydrolyzed simultaneously with each batch of 
samples. Recoveries varied between 96% and 
101%. Duplicate analysis showed agreement within 
5% for collagen and 7% for elastin. 
He;rnsamine.-From 30-50 mg. of tissue was 
hydrolyzed with 4 N HCl for 15 hours in glass-
stoppered flasks (25 ml.). Hydrolysates were 
treated with Dowex-50 resin ( an ion-exchange 
resin), as described by Boas,1
2 to separate off 
amino acids and sugars, which interfere with the 
Anderson et al. 
color reaction. After elution of the hexosamines, 
the color was developed by the method of Elson 
Morgan, as modified by Boas."' Destruction of 
added glucosamine during hydrolysis averaged 
6.2%. Mean recovery of glucosamine standard 
treated with the resin was 90.4%. All results are 
presented as percentages of dry weight. 
B. Grading of A therosclerotic Lesions 
The aortas were divided into four segments, and 
each was graded on naked-eye appearance accord-
ing to the degree of atherosclerosis by one worker 
(J. H.), wholly unaware of the results of the 
chemical analysis, as follows: 
0: No lesion (histological section, however, 
often showing slight intimal lesions in such 
cases) 
1: Minimal scattered lesions, linear or patchy, 
whether fatty, mucinous, or fibrous 
2: More advanced lesions with definite plaque 
formation 
3: Plaques large and confluent and covering 
greater part of intimal surface, palpation and 
section sometimes showing slight calcification 
in such cases not visible to the naked eye 
4: Definite ulceration and/or calcification; wide-
spread involvement of the intimal surface 
usually present 
:, : The severest degree of atheroma with marked 
ulceration and calcification (arteritis defor-
mans) 
The value for all segments were summated, am! 
a final grading of O to 5 was adopted. Representa-
tive aortas for each grade are shown in Figure 1. 
This grading is subjective, and we would now 
prefer to use the more satisfactory classification 
proposed by Gore and Tejada.18 Furthermore, since 
the aortas were destroyed in the chemical analysis, 
grading could not be carried out simultaneously, 
although comparison of photographs did permit 
some check (admittedly inferior) on the consistency 
of our grading. We consider that in future studies 
the vessel should be bisected longitudinally and 
only one-half used for chemical analysis, the other 
being retained for later grading. Further, it would 
have been preferable to have analyzed each seg-
ment separately, so that errors introduced by the 
summation of segments with wide variations 
could have been avoided. This error may partly 
explain the wide variation shown in some com-
ponents. Finally, colored photographs would have 
been preferable to black-and-white prints. 
Results 
Effect of Sampling Errors.-Apart from 
subjective grading, the major source of 




Fig. 1.-C om po s i t e 
photograph showing typi-
cal aortas in each grade 
from both races. The 
vessels from white sub-
jects are in the upper 
group; the aortas from 
Bantu subjects are in the 
lower group. 
Bantu and white subjects is a failure to use 
completely comparable samples from the 
two populations. Although we believe that 
our samples are free from intentional bias 
in regard to atherosclerosis, our numbers 
are small, and this possibility cannot be 
excluded with certainty. Despite these in-
adequacies, the differences demonstrated in 
certain chemical components are of sufficient 
magnitude and con tancy as not to be readily 
explainable by sampling error, and almost 
certainly represent true differences between 
the two races. Moreover, the similarities in 
other chemical components support this 
view. 
All statistical remarks are subject to the 
basic assumption that the autopsies are a 
random and representative sample of both 
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calculations have been made according to 
methods given by Hald.14 Unless stated 
otherwise, the term "significant" is used at 
the 95% level. 
Effect of Sex.-In general, males and 
females showed similar trends in each racial 
group. Moreover, the average value in each 
grade and for corresponding age in each 
sex did not seem to vary significantly apart 
from weight. It was therefore decided to 
combine male and female data for all com-
ponents except that of weight. 
I. Grade of Atherosclerosis and 
Chemical Composition 
The question whether chemical analysis 
provides a satisfactory objective method for 
determining the degree of atherosclerosis is 
compli cated by two factors. First, since 
Vol. 68, Oct., 1959 
AORTIC ATHEROSCLEROSIS 
the grading is subjective, we cannot be com-
pletely certain that grading was identical in 
the two races. Second, the grading is not 
equidistant; i. e., an aorta classified as 
Grade 5 is not necessarily five times 
as severely involved as an aorta classified as 
Grade 1. This excludes the possibility of 
curve fitting, as has been undertaken with 
the analysis in respect to ages ( vide infra). 
The most effective analysis obtainable is 
made by comparing averages between suc-
cessive grades for each race, and also by 
comparing the averages for the same grade 
in the two races. 
Dry W eight.-The average weight in-
creases significantly with grade in both 
sexes and races (Table 1), but the dif-
ference between races is not significant for 
the same grade. Unfortunately, the possible 
value of dry weight as an objective meas-
urement of grade was not appreciated 
originally, since it was intended to express 
our findings as percentage composition, and 
corrections for height of patient and size 
of histology blocks were not made. The 
differences between grades, however, appear 
too great to be explained by such errors. 
Ash.-Ash tends to increase with grade 
for both races. However, in the same grade, 
ash values between white and Bantu sub-
jects for Grades 3 and 4 show significant 
differences ( Table 1). 
Calciuin.-Grading with respect to cal-
cium concentration shows striking dif-
ferences between Bantu and white subjects. 
Among Bantu subjects there are some dif-
ferences between Grades O and 1 and 
Grades 2, 3, and 4, but no clear trend is 
apparent. Calcium values for white subjects, 
however, show a very clear trend with 
increasing grade; Table 2 gives the 95% 
confidence limits for the average within 
each grade. The marked overlap of these 
limits should be noted, indicating that while 
the grades can establish a calcium trend, 
there is a tremendous variation of calcium 
values within each grade. The differences 
between grades ( white subjects only) were 
Anderson et al. 
all found to be significant except for 
Grades 1 and 2. 
In the higher grades ( 3 and 4) the mean 
calcium concentration for the same grade 
differs significantly between Bantu and 
white subjects; and the higher the grade 
the more marked does this divergence be-
come ( Table 1). 
Total Lipid.-Average total lipid values 
tend to increase with grade. Differences in 
values between successive grades for the 
Bantu are significant except for Grades 1 
and 2. With white subjects the values for 
each grade are significantly different except 
for Grades 2 and 3. While differences be-
tween races for the same grade are not 
significant, in general, the values for the 
white subjects are higher than those for 
the Bantu, except for Grade 1 (Table 1). 
Cholesterol.-The trend for cholesterol to 
increase with grade is clearly shown in 
Table 1, but there was an immense overlap 
of observations between the grades. Hence, 
grading with respect to cholesterol, as with 
calcium, makes it possible to establish a 
trend for group data but is unsatisfactory 
in any particular case. In Table 3, the 95% 
confidence limits for the average within 
each grade are given for both white and 
Bantu subjects, and it will be noted that 
these limits are wide. The same table shows 
the results of testing for a difference be-
tween the average of successive grades 
within each racial group. In the case of 
the white subjects the values were all sig-
nificant; in the Bantu, only the differences 
between Grades O and 1 were not signifi-
cant. 
The differences in the averages between 
the races for the same grade were found 
not to be significant. In all cases, however, 
the average cholesterol value of the white 
subjects was higher than that of the Bantu, 
and the higher the grade the more marked 
did this difference become. 
Phospholipid.-The tendency for phos-
pholipid to increase with grade is unmistak-
able, but the difference between grades was 
not significant in either race, nor were the 
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TABLE 1.-Changes in the Mean Chemical Composition 
No. of Subjects Dry Weight Aorta, Gm. 
Grade or 
Atherosclerosis Males Females Males 
B w B w B 
0 2 0 0 0 5.97 
1 13 1 6.99 
2 10 11 14 5 8.47 
3 14 8 6 5 9.24 
4 3 5 4 13 12.22 
5 0 6 0 4 
• R= Bantu subjerts; W, white subjects. 
t Expressed as grams per 100 gm. dry weight. 
differences between the racial groups for 
the same grade significant. 
T otal Nitrogen.-A fairly clear decline in 
nitrogen concentration occurs with increas-
ing grade. The trend is apparent for the 
Bantu, but differences between successive 
grades are not significant. With white sub-
jects, only the difference between Grade 4 
TABLE 2.-Range and Meati Values for Calcim,, 
in Each Grade in White Aortas 
95 % Significance 
Limits or Between 
Grade x •l '1n Confidence Grades 
1 1.39 0.505 0.38-2.40 
N.S. 2 1.51 0.227 1.06-1.97 
P<0.05 3 2.76 0.384 1.99-3.53 
4 4.12 0.463 3.19-5.05 
P<0.05 
5 6.81 1.041 4.73-8.89 
P<0.05 
and Grade 5 was significant, although that 
between Grade 3 and Grade 4 was fairly 
marked. When comparing values between 
Bantu and white subjects for the same 
grade, white-subject values are consistently 
lower than values for the Bantu (Table 1) . 
Females Ash t Calcium t 
w B w B w B w 
3.03 0.70 
5.08 7.33 7.04 3.44 3.60 0.96 1.39 
8.83 6.98 6.03 4.86 4.24 1.38 1.51 
9.74 9.22 8.31 5.08 7.59 1.85 2.76 
13.03 9.61 11.21 5.46 10.75 1.53 4.12 
18.36 16.01 17.65 6.81 
Collagen.-There is an obvious decline 
of average collagen values with grade; 
grading reveals a similar picture for the 
two race (Table 1). 
Elastin.-No clear trend with grade was 
discernible. The average elastin value seems 
to be slightly lower for white than for 
Bantu subjects except for Grade 4, but the 
differences do not appear to be very 
marked. 
Hexosamine.-The average values per 
grade are shown in Table 1, and no clear 
trend is apparent. 
Summary of Changes in Chemical Composition 
and Pathological Grading 
In each grade, the values for any single 
chemical component show a wide variation 
not only between races but for, the same 
racial group. On the other hand, the mean 
values for certain constituents show a defi-
nite correlation with degree of atheroscle-
rosis. Thi s correlation is most readily 
demonstrable for total weight, percentage 
of total lipid, cholesterol, and phospholipid, 
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of the Aorta in Relation to Degree of Atherosclerosis* 
'l'otal Lipid Cholesterol t Phospho!lp!d t Total Nitrogen t Collagen t Elastin t Hcxosam!ue t 
B w B w B w B 
11.3 1.05 2.19 14.3 
13.7 12.3 1.41 1.50 2.32 1.73 14.8 
14.9 16.6 2.31 2.41 2.84 2.87 14.3 
16.9 18.4 3.60 4.40 3.12 3.56 13.8 
19.4 22.5 4.55 6.15 3.17 3.65 13.6 
27.7 8.47 4.04 
in both races, as well as for ash and cal-
cium in white subjects. These findings are 
in agreement with the experiences of pre-
vious workers. 6•7•15·20 Other constituents 
show less prominent differences, although 
they might have proved of significance had 
the number of aortas studied been greater. 
There appears to be no great difference 
for the two races up to and including 
Grade 3 in respect of dry weight, total 
lipid, and phospholipid. However, with re-
spect to ash, calcium, and cholesterol, cer-
tain obvious differences are apparent after 
Grade 2 which we believe represent quali-
tative differences m the atherosclerotic 
process in the two races. Accordingly, 
while it may be possible to utilize chemical 
analysis for grading atherosclerosis for 
group data within one racial group, it would 
appear inadvisable to use components such 
as calcium and cholesterol as accurate in-
dices of atherosclerosis in different races. 
It should be noted that such a simple meas-
urement as dry weight may prove as 
satisfactory an estimate of degree of 
atherosclerosis as the more complicated 
determinations. 
w B w u w n w 
26.l 30.8 0.86 
14.5 23.0 25 .3 20.4 26.3 0.80 0.74 
13.7 22.8 22.5 30.2 28.9 0.92 0.83 
13.1 21.2 20.4 30.8 27.3 0.69 0.86 
12.3 21.0 21.8 27.7 28.:J 0.87 0.80 
10.1 20.2 21.2 0.60 
The significance of these qualitative dif-
ferences in the aorta in relation to the 
complications of atherosclerosis in the 
smaller vessels requires investigation, as 
lhe correlation between the severity of 
atherosclerosis in the aorta and coronary 
arteries is not complete. 21 
II. Age Trends in Atherosclerosis 
and Chemical Composition 
Grade of Atherosclerosis.-The mean 
grade of atherosclerosis increases with age 
in both races (Table 4), and severe athero-
sclerosis tends to be less severe in Bantu 
than in white subjects in the older age 
groups. In view of our observations on 
chemical analysis and grading, this is un-
likely to be due entirely to subjective grad-
mg error. 
Chemical Changes.-While changes in 
chemical composition with age may be 
mainly dependent on the increasing severity 
of atherosclerosis with age, a further factor 
must be considered. There were sufficient 
aortas available of Grade 2 severity to per-
mit comparison of chemical analysis below 
and above 45 years of age in both races. 
TABLE 4.-Mean Average Grade of Atherosclerosis in Eac/i Age Group for Bantu 
and White Subjects 
Bantu Whlte 
Age Range, Yr. M,\les Females Both Sexes Males Females Both Sexes 
25-34 ..• ·•·•·•·· 0.7 (9) • 1.7 (5) 1.0 1.8 
(5) 2.0 (1) 1.9 
35-44- .. ·-······ 2.0 (7) 2.0 (4) 2.0 2.0 
(3) 2.0 (2) 2.0 
45·54 .•..•...... 2.2 (8) 1.3 (3) 1.9 2.5 (5) 2.3 (5) 2.4 
55-64 .. ····•···· 2.4 (5) 2.8 (8) 2.5 
3.4 (9) 3.4 (5) 3.4 
65•74- .......... 2.3 (6) 2.6 (5) 2.4 3.4 (4) 3.8 (9) 3.7 
75+ ••... - ...... 3.1 (7) 2.8 (3) 3.1 4.3 (4) 4.1 
(6) 4.2 
• 'l'he figures in parentheses represent tbe number of aortos. 
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TABLE 5.-Changes in Composition in Aortas with Atherosclerosis of Grade 2 
According to Age 
Bantu Aortas White Aortas 
Significance Significance 
Under 45 (9)* Over 45(15)* Between Under 45 (7)* Over 45 (8) • Between 
(a) (b) (a) & (b) (c) (d) (c) & (d) 
Dry \\·eight, gm. 
Males . . .... . ..•. . ...• 6.39 9.36 P<0.01 6.49 11.65 P<0.01 
Females .............. 4.88 8.55 P<0.01 5.31 7.10 --Ash t .................. 3.60 5.61 P<0.05 2.95 5.83 P<0.01 
Calcium t .............. 1.01 1.60 N.S. 0.91 2.29 P<0.01 
Total Lipid t ......... . 13.9 15.5 N.S. 14.5 19.3 P<0.01 
Cholesterol t ......... .. 1.42 2.84 P<0.01 1.83 3.16 P<0.01 
Pbospbolipid t ... . . .... 2.54 3.04 N.S. 2.68 3.11 N. S. 
Total Nitrogen t ....... 14.6 14.1 N.S. 14.l 13.3 N.S. 
Collagen t ........... ... 24.6 21.7 P<0.05 24.3 21.5 N.S. 
F;Jastin t .... •.......... 27.5 31.8 P<0.05 29.2 28.4 N.S. 
Hexosamine t .......... 0.88 0.95 N. S. 0.79 0.89 N.S. 
• The figures in parentheses refer to the number of aortas in each group. 
t Expressed as grams per l(JO gm. dry weight. 
These findings are presented m Table 5 
and show that for certain constituents sig-
nificant chemical changes occur with age 
within the ame grade. This observation 
would indicate that our figures accordingly 
represent a summation of both agmg and 
atherosclerotic processes, as shown by Hay-
thorn et al.,18 thus complicating the use of 
such measurements for objective grading. 
Dry Weight. - In both racial groups there 
is a steady mcrease m the weight of the 
aorta with age, confirming observations of 
previous workers 16•17 (Table 6 and Fig. 2). 
The increase 1s, however, less m Bantu 
than in white subjects after 45 years, and 
differences between Bantu men and women 
are less pronounced than between the white 
sexes. 
Ash.-Table 6 and Figure 3 confirm 
earlier reports 16 m demonstrating an m-
crease in percentage of ash with age, but 
whereas in the Bantu the mean ash concen-
tration is only doubled in the 75 +-year age 
group as compared with the 25- to 34-year 
groups, the corresponding increase is five-
fold in white aortas. 
Calcium.- The changes m calcium con-
centration follow those m ash (Table 6, 
Fig. 3 ) and are in accord with the findings 
of previous workers.15-19 This element pro-
vides the most striking differences between 
the two races. From the age of 30 years 
onward the Bantu show a slow linear m-
42/386 
crease ( Fig. 3), but the data on the aortas 
of the white subjects can be represented 
only by a straight line from the age of 40 
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Fig. 2.-Graphs showing changes with age m 
mean dry weight of aortas for each race. Values 
for Bantu subj ects are expressed by solid line 
and circles; values for white subjects, by broken 
line and clear circles. 




years onward. The estimated slope of 
Bantu data after 40 years 1s 0.021; the 
corresponding figure for white subjects is 
0.122; these differences are statistically sig-
nificant at the 99% level (u=3.48). In the 
case of the Bantu, constant variance 1s 
assumed, an assumption which is just pass-
able. With white subjects this convenient 
assumption is no longer possible, but as the 
standard deviation increased with age, use 
is made of the hypothesis S. D.=O.OSSX 
age- 1.550. The equations of the Bantu and 
white lines are Ca= l.41 +0.021 (age-53.7) 
and Ca = 2.33 + 0.122 ( age-50.S), respec-
tively. These racial differences demon-
strated above show that the changes m 
calcium concentration are not alone the re-
sult of degree of atherosclerosis or of age. 
Total Lipid.-As can be seen from Table 
6 and Figure 4, average total lipids in the 
aorta show a rough linear increase with 
age, as reported by others. Assuming con-
stant variance for both Bantu and white 
subjects, slopes were found to be 0.10 and 
0.20, respectively. This difference just fails 
to be significant at the 95% level. 
Cholesterol.-In white subjects, choles-
terol nses with age m an almost linear 
fashion (Fig. 4) .6 •16•20 With the Bantu, 
in contrast, cholesterol rises to a maximum 
between 60 and 70 years and thereafter 
seems to decrease; the behavior of the data 
is well represented by curve b in Figure 4. 
If readings taken at the age of 70 and 80 
years are ignored, the first four points 
conceivably form a straight line as given 
by line a in Figure 4. If line a is not ac-
cepted as being a reasonable representation 
of the data, we can conclude that the Bantu 
in the older age groups differ greatly from 
similar white subjects. Differences between 
average cholesterol concentrations of Bantu 
and white subjects "65 to 74" and "75 + 
years" were tested, and were found to be 
significant. 
Correlation Between Cholesterol and Cal-
cium.-In white subjects, a fairly good 
linear relationship is apparent between cal-
cium and cholesterol for values less than 
Anderson et al. 
7.0 gm. % dry weight. A quadratic curve 
probably gives a fair representation of the 
relationship. Correlation values of 0.64 
and 0.45 were obtained between calcium 
and cholesterol for white and Bantu sub-
jects. The Bantu would be expected to be 
lower because of the curved trend of their 
cholesterol concentration with age. 
Phospholipid. - T_here 1s a curved m-
crease in phospholipid with age, as noted 
by Buck and Rossiter.2° For both racial 
groups, a maximum value 1s reached at 
about SO years. At 30 years, values for 
the two races seem to be identical; there-
after the value for white subjects seems to 
exceed the Bantu value by a constant 
amount from about the age of 40 years 
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Fig. 3.-Graphs showing changes with age in 
mean ash and calcium concentrations in aortas for 
the two sexes combined (grams per 100 gm. dry 
weight). Values for Bantu subjects a re expressed 
by solid line and circles; values for white subjects, 
by broken line and clear circles. 
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TABLE 6.-Changes in the Mean Chemical 
Dry Weight, Gm. 
Age ~-·-------
Group Males Females Ash t Calcium t Total Lipid t 
n w B w u w B w B w 
2,'>·31 o.27 6.52 4.43 4.71 3.00 2.92 0.82 0.86 12.5 13.6 
3S-44 7.20 6.12 7.2S 5.61 3.60 3.20 1.03 1.08 15.1 16.3 
4.'i-54 7.46 11.35 8.52 7.95 4.40 6.43 1.48 2.40 15.3 20.6 
55-64 9.50 12.12 8.61 10.31 5.39 i.70 1.77 2.97 16.2 20.0 
65-74 11.60 16.9 9.44 11.55 4.76 13.53 1.68 5.06 17.6 24.5 
75+ 9.93 16.46 P.33 12.88 6.83 15.32 1.81 6.21 17.5 23.3 
• B=bantu aortas; W, white aortas. 
t Expressed as grams per 100 gm. d ry weight. 
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Composition of the Aorta* in Relation to Age Group 
Cholesterol t Phospholipid t 'l'otal Nitrogen t Collagen t Elastln t IIexosamine t 
B w B w B w B 
1.22 1.66 2.16 2.05 14.9 14.4 23.9 
1.78 2.12 2.48 3.41 14.4 13.6 24.1 
3.08 4.56 2.96 3.54 13.9 13.1 20.9 
3.54 4.72 3.13 3.46 14.0 12.9 20.2 
3.68 6.86 2.98 4.01 13.7 11.6 23.0 
2.83 7.10 3.05 3.42 14.1 11.1 21.6 
Total Nitrogen. - White subjects show a 
linear decrease with age (Table 6, Fig. 4). 
The Bantu data do not give such a satis-
factory linear representation, but to make 
comparison possible a straight line was 
fitted to the Bantu data as well. The differ-
ence in slopes of the lines, 0.019 and 0.066, 
was found to be significant ( u = 3.36). The 
assumption of constant variance was rea-
sonable for both racial groups. 
Collagen.-There seems to be no racial 
difference with respect to collagen concen-
trations, and there is a suggestion that col-
lagen decreases with age, which is contrary 
to the findings of Faber and M0ller-Hou 22 
and Myers and Lang.23 The data, however, 
are highly variable, and very much larger 
groups require to be investigated in order 
to establish a clear trend ( Table 6). 
Elastin.-The Bantu data are variable 
(Fig. 4), in contrast to the white-subject 
data; but the trends are unmistakable, and 
are well represented by straight lines. These 
were tested for slope ( as being representa-
tive of the trend) and found to be statis-
tically significant at the 99% level (u=4. l) . 
With white subjects, the variance obviously 
increases with age. In the latter, a very 
fair assumption was S. D.=0.073+0.284. 
The white-subject line was found to be 
elastin=27.56-0.058 (age-49.7). The 
equation of the Bantu line was found to be 
elastin=29.80+0.02 (age-53.7). The white-
subject data confirm observations made in 
d,e studies of others.22,23 
Hexosamine.-Figure 4 clearly shows 
that the data on the two racial groups are 
radically different with respect to hexosa-
Anderson et al. 
w B w B w 
23.9 26.4 28.8 0.81 0.75 
21.8 27.1 2~.3 0.84 0.79 
20.5 29.8 27.0 0.82 0.90 
23.5 32.6 27.2 0.89 0.82 
19.4 28.3 26.a 0.91 0.73 
20.9 33.2 26.0 1.06 0.70 
mine. The Bantu show a steady curved 
increase with age, while the white subjects 
show a curved increase, reaching a maxi-
mum at the age of SO, with a steep decline 
thereafter. These curves are so different 
that no further statistical analysis was car-
ried out. These values were determined to 
give indication of proportion of acid muco-
polysaccharide present. Faber used the 
proportion of sulfate to give indication of 
chondroitin sulfate, and the above observa-
tions for white subjects are in accord with 
his results.17 
Histological Examination 
It was soon apparent that histological 
examination was of little value for pur-
poses of grading, thereby confirming the 
view of Rosenthal.() Observations, how-
ever, provided some check on the type of 
lesion present, and the studies confirmed 
reasonably well the naked-eye appearance 
of the plaques. 
Comment 
With increasing age, there are distinct 
differences both in the severity of athero-
sclerosis and in the chemical composition 
of aortas from Bantu and white subjects. 
Assuming that the aortas constituted com-
parable samples, our results support the 
view that severe aortic atherosclerosis m 
the older age groups is less common in 
Bantu than in white subjects. 
The picture, however, is obscured by the 
fact that the chemical changes are the result 
both of atherosclerosis and of age, and 
further studies are indicated to separate 
45/389 
the effect of each factor. Allowing that part 
of the differences is due to atherosclerosis, 
it would still appear that the differences 
demonstrated are insufficient to explain the 
markedly different incidence in myocardial 
infarction and coronary occlusion in the 
two races if these are a direct function of 
the severity of atherosclerosis. It is feasi-
ble that the correlation between the severity 
of atherosclerosis in the coronary arteries 
and that in the aorta varies in different 
races, but we have no further information 
on this possibility. 
It is usual to correlate the severity of the 
atherosclerotic process with its complica-
tions, notably ulceration and thrombosis; 
but the present findings indicate that quali-
tative changes in the atherosclerotic and 
aging processes may also be considered. 
For example, the severity of atherosclerosis 
in two aortas may appear similar not only 
on gross examination but on cholesterol 
and weight measurements, whereas the 
quantity of calcium may be very different. 
We are unwilling as yet to assess the etio-
logical significance of these qualitative 
changes within aortas of the same grade, 
but they may eventually prove of impor-
tance in indicating causal factors. 
In conclusion, it would seem that while 
grading by chemical analysis may be of 
value in one racial group of similar age, its 
use in regard to different races and dif-
ferent age groups is more doubtful. Fur-
thermore, the simple measurement of ' dry 
weight may be as satisfactory as more 
complicated procedures. Since, however, 
the use of subjective grading by different 
authors in different countries and at dif-
ferent times will tend to obscure the rela-
tionship of severe atherosclerosis and 
myocardial infarction, the need of develop-
ing objective methods further is clear.25 
Summary 
The dry weight and concentrations of 
total ash, calcium, total lipid, cholesterol, 
phospholipid, nitrogen, elastin, collagen, 
and hexosamine were determined in the 
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aortas from 70 Bantu and 58 white sub-
jects, the aortas being previously graded 
for the degree of atherosclerosis. 
Mean total weight, and lipid, cholesterol, 
and phospholipid concentrations showed 
definite correlation with the degree of ath-
erosclerosis in both races. Ash and calcium 
concentrations showed a correlation in 
white but not in Bantu aortas. Further-
more, in aortas of the same grade there 
were differences between the two races in 
regard to ash, calcium, and cholesterol con-
centrations. The differences were suffi-
ciently large as to be not wholly explicable 
on the basis of subjective error in grading, 
and hence probably represent true qualita-
tive differences in atherosclerosis, especially 
in regard to calcification. However, there 
is evidence that considerable changes in 
chemical composition also occur with age 
within the same grade, thus obscuring the 
picture. 
Differences in the concentration of var-
ious chemical components, notably calcium, 
cholesterol, and hexosamine, were demon-
strated between Bantu and white subjects, 
especially in the older decades. Further, 
the mean degree of atherosclerosis and total 
dry weight were significantly less in Bantu 
than in white subjects. It is suggested, 
accordingly, that further racial studies 
should take into consideration qualitative 
as well as quantitative differences in the 
atherosclerotic process. However, these 
racial differences, if representative of the 
degree of atherosclerosis and if equally 
applicable to the coronary artery system, 
would appear insufficient to explain the 
marked differences in the incidence of myo-
cardial infarction demonstrated between the 
two races. 
This paper is published with permission of the 
South African Council for Scientific and Indus-
trial Research. Our thanks also go to the Director 
of the South African Institute for Medical Re-
search, Johannesburg, for the facilities to carry out 
this study; to Prof. J. M. Mackintosh for aortas 
from the Medico-Legal Laboratories, Johannes-
burg, and lo Prof. B. J. P. Becker for aortas from 
the Johannesbu1·g General Hospital. 
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University of Kansas Medical Center (Dr. Hig-
ginson). 
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SOME ASPECTS OF NUTRITIONAL RESEARCH IN SOUTH AFRICA* 
In South Africa, living side by side with 
the white population, is a large Bantu 
population which is observable in various 
stages of sophistication of diet and manner 
of life. Speaking generally, the diet of these 
people is probably adequate in calories and 
total protein, is low in animal protein, fat, 
and certain mineral salts and vitamins, but 
is high in carbohydrate and crude fibre. 
This situation is of interest for at least 
three reasons. First, because there is evidence 
that such a diet, directly or indirectly, gives 
rise to or promotes various departures from 
"normal," the precise causation and sig-
nificance of which are still largely obscure. 
Second, a population consuming such a 
diet provides a "touchstone" against which 
may be tested many of the orthodox con-
cepts on (1) recommended allowances of 
nutrients, and (2) physiologic functions such 
as lactation and hemopoiesis. Third, the 
Bantus appear to suffer very little from a 
number of important diseases in which the 
nut ritional factor is variously implicated. 
A few examples in these three fields of re-
search will now be given, illustrations being 
selected mainly from investigations under-
taken by the writer and associate workers in 
Johannesburg. 
(1) Departures from "Normal" in the Bantu 
Blood. No difference has been found 
between newborn Bantu and white babies 
with regard to mean values for fractionated 
serum proteins, serum cholesterol and esters, 
and various liver function tests, yet highly 
significant differences are found between the 
respective means for the mothers of both 
races (I. Bersohn, S. Wayburne, H. Hirsch, 
and C. D. Sussman, South African J. Clin. 
* This paper is published with the permission 
of the South African Council for Scientific and 
Industrial Research. 
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Sci. 6, 35 (1954); Bersohn and Wayburne, 
Am. J. Clin. Nutrition 4,117 (1956)). 
Breast Milk . Bantu mothers consuming a 
high maize diet, including an apparently 
adequate intake of niacin (although pre-
sumably much of it is in "bound" form) have 
a breast milk concentration of this vitamin 
less than half the mean value found in 
white mothers. This abnormality, not found 
in Bantu mothers consuming a Europeanized 
diet, is not believed to be of nutritional con-
sequence (A. R. P . Walker, Nature 173,405 
(1954)). 
Urine. From balance observations, we 
have noted that volumes of Bantu urine 
collected over twenty-four hours are much 
greater than corresponding volumes from 
white subjects. This phenomenon, which has 
often been observed in white subjects on 
high carbohydrate diets, has not yet been 
adequately explained (R. A. McCance and 
E. M. Widdowson, Med. Res. Council 
(London) Special Report Series No. 254 
(1946); D. A. Smith and M. F. A. Woodruff, 
Ibid. No. 274 (1951)). 
Feces. Adult Bantus void daily up to 
four times the amount of feces compared 
with white people on a white bread dietary. 
Using carmine as a marker, the time of 
passage with the Bantu is found to be 
shorter, often about one-half that of white 
subjects. Further, Bantu feces occlude as 
much as 50 per cent more gas compared with 
the feces of white persons. Combining these 
observations, it is clear that a given volume 
of fecal material in the Bantu may pass 
through the digestive tract many times 
faster than in white subjects. The effect of 
this rapid passage on synthesis, breakdown, 
absorption, resorption, microflora popula-
tion, morphology of the intestinal tract, etc., 
has been virtually unstudied. Concerning 
the digestibility of nutrients, on very high 
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cereal diets, R. A. McCance and C. M . 
Walsham (Brit. J. Nutrition 2, 26 (1948)) 
stated that protein nitrogen is completely 
digested. Excluding obviously unchewed 
food (e.g., whole maize and beans) we have 
not found undigested starch in adult Bantu 
feces, and not always in the diarrheal feces of 
infants with kwashiorkor. In regard to fat, 
large amounts of fat, up to 13 g. per day, are 
voided when the cereal intake is very high 
(apparent digestibility of fat 49 per cent); 
such fecal fat we believe to be mainly of 
endogenous origin, and not composed of 
unabsorbed fat (A. R. P . Walker, Nature 
164,825 (1949); Walker and U. B. Arvids-
son, South African J. Sci. 47,267 (1951)) . 
(2) The Bantu as a "Touchstone" for Ortho-
dox Beliefs in Nutrition 
Calcium. The calcium intake of the Bantu 
is about one third to one half of that usually 
recommended. The phosphorus intake, much 
of it in the form of phytate phosphorus, is 
high. Moreover, where cereals are the almost 
exclusive source of calories, the calcium: 
phosphorus ratio is as "unfavorable" as 
· 1: 10. The amount of vitamin D ingested is 
almost nil. There is, of course, plenty of 
sunlight, although some believe that the 
dark skin of the Bantu militates against the 
production of vitamin D from ultraviolet 
irradiation. To determine the extent to 
which these people are handicapped by low 
calcium intake, we have investigated various 
aspects of calcium metabolism-calcium 
balance studies, the role of phytic acid 
phosphorus (A. R. P. Walker, Lancet II, 
244 (1951)), serum calcium levels (Walker, 
U. B. Arvidsson, and W. M. Politzer, 
South African M ed. J. 28, 48 (1954)), the 
composition and histology of bone (Walker 
and Arvidsson, Metabolism 3,385 (1954); J . 
Higginson, Ibid. 3, 392 (1954)), physical 
bone density, studies on the incidence of 
rickets in urban and rural areas, the roles of 
calcium in influencing growth and in 
affecting the development of rickets (Walker, 
Am. J. Clin. Nutrition 2, 265 (1954); Ibid. 3, 
114 (1955); Nutrition Reviews 14, 36 (1956)) , 
liability to fractures, and certain compara-
tive radiologic studies. Briefly, in none of 
these · respects can we say precisely where 
these people are stigmatized by their low 
intake of calcium. In strong contrast to 
other nutrients, there appears to be no 
evidence in man of any syndrome caused 
solely by calcium deficiency or remediable 
by calcium supplementation only. Is it not 
possible that in different parts of the world, 
diets which support and maintain life con-
tain enough calcium for satisfactory bone 
formation and for the other physiologic 
functions involving the element? 
Ascorbic Acid (Vitamin C). Knowing the 
unsatisfactory composition of the foods 
used by Bantu mothers in weaning their 
children, there is no difficulty in forecasting 
the outcome, which varies from mild mal-
nutrition to the severest forms of kwashior-
kor (A. R. P. Walker, D. C. Fletcher, 
E. S. P. Strydom, and M. Andersson, Brit. 
J. Nutrition 9, 38 (1955)). Predictable 
stigmata, e.g., retarded growth, edema, 
dermatosis, etc., are in evidence, yet one 
deficiency disease, namely, infantile scurvy, 
is inexplicably absent. We have frequently 
found that the intake of vitamin C, deter-
mined from examination of food prepared 
by Bantu mothers for their babies, is almost 
nil, yet clinical and radiologic observations 
on groups of such subjects have provided no 
evidence of scurvy. Moreover, plasma con-
centrations of vitamin C, even in infants 
with kwashiorkor, have been found to be 
consistent with an absence of scurvy. Hence, 
either all Bantu infants have access to 
sources of vitamin C which neither ourselves 
nor Bantu social workers are aware of, 
which we disbelieve, or we are driven to 
consider that Bantu infants under the 
conditions of cereal "pap" intake, are able 
to synthesise vitamin C (Andersson, Walker, 
and H. C. Falcke, Ibid. 10, 101 (1956)). 
Lactation. Despite habitual consumption 
of a diet which, according to current beliefs, 
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would not be expected to favor normal 
lactation, Bantu mothers usually produce 
an abundance of milk and breast-feed 
frequently for protracted periods. Evidence 
indicates that their milk has a satisfactory 
chemical composition; furthermore, since 
Bantu and European babies when ex-
clusively breast fed are comparable clin-
ically at 6 months, confirmation is provided 
that Bantu breast milk is adequate in 
quantity as well as quality. In the face of 
this evidence it is questionable whether 
dietary deficiency can be invoked to explain 
the failure of the large proportion of white 
mothers to lactate satisfactorily (A. R. P. 
Walker, U. B. Arvidsson, and W. L. Draper, 
Lancet I , 317 (1952); Tr. Roy. Soc. Trap. 
Med. Hyg. 48, 395 (1954)). Among the 
Bantus, the induction of a flow of milk 
from virgins has been claimed, as well as 
the capacity to lactate even beyond the 
menopause (P. J. Greenway, East African 
Med. J. 13, 346 (1937)). At present we are 
carrying out analysis of "grandmothers' " 
breast milk. In view of these observations, 
we have to admit how incomplete is our 
knowledge of the factors, dietary and non-
dietary, which influence lactation. 
H emopoiesis. The factors listed as being 
important in hemopoiesis are well known. 
Among the Bantus, their excessive iron 
intake (as much as 200 mg. per day) results 
in widespread siderosis, elevated serum iron 
concentrations, and a low incidence of hy-
pochromic anemia (A. R. P. Walker and U. 
B. Arvidsson, Tr. Roy. Soc. Trap. Med. Hyg. 
47 ,536 (1953); J. Higginson, T. Gerritsen, 
and Walker, Am. J. Path. 29, 779 (1953)). 
An interesting question is, what happens to 
these people, with their high and irreducible 
iron stores, during episodes of gross mal-
nutrition or undernutrition? Does the 
anemia to be expected develop or is it 
hindered? Investigations indicate that satis-
factory hemoglobin levels are often main-
tained, even in grossly malnourished pella-
grins (Walker, South African J. Lab. Clin. 
Med. 1, 36 (1955)). Such observations con-
firm the high priority given by the body 
for blood production; they also suggest that, 
provided the iron reserves be excessively high, 
the other dietary hemopoietic factors are 
of much less importance. 
(3) Research in Diseases in Which Diet is 
Believed to be an Etiologic Factor 
Among the Bantu, certainly, there is a 
high incidence of liver disease, and various 
deficiency diseases are common. At the 
same time it must be pointed out that the 
Bantus rarely suffer from a large number of 
diseases which exact a high toll of mor-
tality and morbidity among western peoples. 
Such diseases include appendicitis, gall 
stones, peptic ulcer, certain types of cancer, 
and atherosclerosis and coronary artery 
disease. There is more than suggestive 
evidence that the pattern of diet consumed 
by the Bantu is a strong etiologic factor in 
the prevention of these diseases, and that 
when these people adopt European food 
habits, the "protection" is largely lost. 
Appendicitis. Among Bantu mineworkers, 
appendicitis is one-eightieth as common as 
among a somewhat comparable population, 
namely, American wartime Naval personnel. 
It may be apposite to quote a well known 
British surgeon, Zachary Cope, as main-
taining that our present knowledge of the 
etiology of appendicitis is little in advance 
of what Fitz taught in 1880 (V. Z. Cope, 
Brit. Med. J. 1, 1242 (1950)). 
Gall Stones. From a series of about 9000 
consecutive necropsies on Bantus and local 
Europeans, the incidence of cholelithiasis 
was found to be 2.04 and 13.52 per cent 
respectively (B. J. P. Becker and C. B. 
Chatgidakis, South African J. Clin. Sci. 3, 
13 (1952)). 
Atheroma and Coronary Artery Disease. 
Published studies (A. R. P. Walker and 
U. B. Arvidsson, J. Clin. Invest. 33, 1358 
(1954)) have shown that serum cholesterol 
concentrations are low and rise only slightly 
with age in the Bantu compared with white 
subjects; furthermore, the more severe 
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complications of atherosclerosis in the Bantu 
are only about one-tenth as common as 
among comparable groups of Europeans (J. 
Higginson and W. J. Pepler, Ibid. 33 , 1366 
(1954); Nutrition Reviews 13, 138 (1955)). 
The correlation of low fat intake, low serum 
cholesterol concentration and low incidence 
of atherosclerosis is indisputable. N everthe-
less, we are hesitant over attaching undue 
importance to the fat intake aspect, and 
believe it to be premature to go beyond 
correlating the total pattern of Bantu die~ 
with atherosclerosis. In any case, it should 
be borne in mind that a low fat intake is 
but one feature of the Bantu diet, and that 
these people are relatively free from several 
diseases other than atherosclerosis (Walker, 
Lancet I, 565 (1955)). The general observa-
tion that the mean serum cholesterol con-
centration of elderly Bantus does not rise 
beyond that of 20 to 30 year old white 
subjects is paralleled by similar evidence. 
Thus Bersohn and associate workers have 
shown that the electrophoretic lipoprotein 
pattern of elderly Bantus is even "younger" 
than that of young white subjects. Further, 
Miss M . Andersson, by determining the 
chemical composition of a large series of 
aortas from Bantu and white subjects of 
different age groups, has shown that, speak-
ing generally, Bantu aortas retain their 
youth almost perennially, and scarcely 
exceed in vascular age those of young white 
subjects. 
Conclusion 
The few examples given serve to illustrate 
the wealth of research material available 
and the wide scope of the fundamental 
studies that can be undertaken in South 
Africa. We have no doubt that the answer 
to many nutritional and disease problems 
will be afforded by intensive study of the 
nonwhite populations in this El Dorado of 
medical research, for in this country we are 
particularly fortunate in being able to study 
the Bantu in all stages of transition, from 
the wandering primitive living off the land 
in the fastness of the Kalahari Desert, to 
the fully Europeanized urban dandy, with 
his zest for Wild West shows, and his 
partiality to white bread, sugar, and coca 
cola. 
ALRXANDER R. P. WALKER, 
Head, Human Biochemistry 
Research Unit, South African 
Institute for Medical Re-
search, Johannesburg, and 
the Council for Scientific 
and Industrial Research 
EDTIORL'.L: ji.pi_erican Journal of Clinical Nutriti_Q.g. 
\ 1-ID R8G :i:ONAL F}\.CTORS IN I1HE 
INT 'YPP..EI1ATI0N___Qf_CLIN::::CAL LABOR•:.TORY D./1.TJ: 
From time to time, prominent research wor1cers in 
Africa have emphasized thr,.t considerable re-orientrttion 
is required of Western clinicians when pr ;,.,cticing among 
Africans. 1 ' 2 It is insufficiently appreci~ted that a 
similar re-orientation may be needed in the interpreta-
tion of laboratory data on these people. Normally, the 
bearing of an ethnic, or even a re cional environmental 
f actor, seldom enters into reckoning. There is ample 
evidence, hm,ever, that in certc in contexts the influence 
of such f~ct ors may be immense, so that interpretations 
of d i ta on one ethnic or regional group may not be equal]y 
a pplicable to other groups. For illustr~tion, a variety 
of examples fror.i t rie writer's own experience, chiefly re-
l a ting to nutrition, will now be given. 
Serum cholesteTol level: TTany prospective studies 
in the United St ates have shown that adults with serum 
cholesterol l evels exceeding 260 mg. ~er cent are much 
~ore prone to develop arteriosclerotic heart disease, com-
pared with the moiety with cholesterol levels well below 
this figure. 3 In Italy , however, in similar studies, 
evidence suggests that the upper cholesterol level cited in-
stead of being 260 mg. per cent, may be lower, perhaps as 
low as 200 ;ng . per cent. 3 Among our urban South African 
Bantu, an increasing proportion of the ~ore sophisticated 
have high serum cholesterol levels (many have values over 
240 og. per cent~ and not a few over 300 mg. per cent); 
1. 
" ' ~ <>M.l t•o.,t 'l. . 
~ '(t.\it.'fS~ 'f'&,ho.._ · 
yet, despUe several clecade s of weste:rnisat ion, myocardial 
infarction in these people continues to remain rare.4,5 
Hence, in seeking to assess the risk of future coronary 
heart disease using serum cholesterol concentr,~tior. e,s 
a basis, it is clear that prognosis depends on the popu-
lation group concerned. 
Sertun iron_2oncentyation: Elevation of level of 
serum iron may arise from idiop3,thic haemochromatosis, 
transfusion~l siderosis, or liver dysfunction. 6 But it 
may also a:cise, 2.s is t l1e cRse with the South African 
Bantu, :'.'rom habitually high iron intake or iron "over-
load11. 7 ,a While 0, sustained hie'h lGvel in the serum, say, 
200 )l{S• per cent, in a White person may have serious im-
6 port, a correspondingly high level in an adult Bantu may 
be of f ;:n · less significance. 
Serum_calcium concentration~ Serum calcium levels 
in less privileged popul -,,ti ,ms in Africa and the East are 
about 10 per cent lower than in Whites. 9 Some have in-
terpreted this phenomenon as indicative of sub-optimal 
calcium :Jetabolism. lO Yet in Bantu, the low levels cited 
are comp,:i,tible with absence of tmequivocal deficiency stig"-
111a, ta. Hon9e 1 in populations habituated, inter alia, to a 
low calciwn intake, a low serum calcium level is not 
necessarily pathor),omonic. 
~\bnormally high 
E.S.R. values 7 not yet explicable, are very common among 
the Bantu and similarly placed populations. 11 Values of 
20 - 50 (Hintrobe scale) are frequently encountered in 
school children~ yet are consistent with excellent atten-
dance at schools 9 aptitude at lessons, and good prowess in 
the Harvard Step Test. Correspondingly high values in 
Whites are consistent with usually obvious and often serirus 
ill he.:11 th, st91mning frorll de r:eneration, sup,')uration, 
necrosis, or other causes.
6 The interpretation of E.S.R. 
is therefore influenced hy the population group 
concerned. 
Ihacin concJilliration in b1:ci3,st milk: The breast 
milk of rUTal Bantu mothers on a high maize diet has 
only about half of the mean niacin concentration found 
in White mothers I milk, altl, ough the niacin inta.1<:e in 
the former etlmic group is 8 UCh higher than in the 
latter. 12 Urban Bantu mothers on a more varied diet, 
although cont ributing less niacin, have a highe..r breast 
milk niacin concentration than t he ir rural counter-
parts. The phenomenon is explicable on the basis that 
p::.'.rt of the niacin in maize is bound and in a form less 
available for utilization. Thus, the lo. . .rer concentratfu n 
of niRcin in hi~h maize eating Bantu mothers does not be-
t oken en unus1.ially low intake of the nutrient, as would 
be the ca,sc in mothers in a sophisticated Western 
population. 
Fat abs_orptiop. and excretion: 1-Hth ru1 exception-
ally h i gh intake of whole grain cereals, wheat and oats , 
by hu.11an subjects, Mccance et al. reported unusually 
high excretions of fat, up to 22 g. ~die!!!, with appa-
rent absor~tions of 53 - 76 per cent.l3,l4 ':le have 
shown that the same phenomenon obtains with Bantu on a 
h . h . d' t 15 very _1g maize ie. In western populations , apparent 
absorptions and excretions of these magn~tudes certainly 
would be r egarded as grossly pa thologica1; 6 yet they are 




Sall'l.onellae and shigellae infections in Bantu _children: 
In serial investigations of stool pathogens in certain 
groups of r ural children, it was f 01md that in the 
period of a year, three quarters nf the 0hildl13'!1 had 
one or more episodes of one or both of these infec-
t . 16 ions . Yet they are largely asymptomatic, with only 
slight effect on temperature, digestion, and absenteeism 
from lessons, in contrast to the usual adverse response 
of ' lhite chilo.ren to these infections . We found that 
the affected Bantu children still display vigorou2 
activity at school games when watched unobserved , and 
still exhibit outstanding performance in the Harve,rd 
Step Test . 17 ,lS We have noted mu.ch the same :µ3.ttern of 
behaviour in Bantu school children with bilharzia infec -
tions (s . haematobium and ~ansoni)l7,lS Clearly, 
pathoe,-ens of the type referred t"o evoke different ill-
heal th pictures in different populations . 
It will be apparent from the illustra-
tions given t hat in a country including heterogeneous 
populrttions which differ in race, nutrition and other en-
vironmental factors, caution is required in the inter-
pretat ion of clinical laboratory data. 
Alexander R. P. Halker, Ph.D. 
South African Institute for J'.Tedical Research , 
J ohannesburg. 
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QUESTIONNAIRE ON NUTRITIONAL DISEASES 
To the Editor: Last year the National Nutrition Research Institute addressed a questionnaire to each of approximately 6.000 practising doctors in the country. They were requested to list all cases of nutritional disease which they encountered in their practice during a period of 4 weeks in winter (May/ June) and again in summer (November /December). The majority of medical men showed a lack of interest and a relatively poor response was received to the questionnaire . Fortunately some acceded to the request and some supplied more than the data requested. This wa, fl' "• inly th, case where doctr•s practised at hospitals. clinics and mission stations. 
At present completed questionnaires are still being received by the Institute and the statistical analysis of the figures has not yet commenced. It is, however, hoped that, in spite of the disappointing response by most of the doctors, valuable data will be obtained from those questionnaires which have been received. It is also expected to obtain interesting d · ·a in respect of the milk consumption by children of all ra ;. Th 'INRI wishes through the medium of your Journal ,o expr its gratitude to all those who collaborated for their contributions. A final appeal is made to all those who have completed their questionnaires, but who have not returned them to the Institute, to do so without delay so that a critical study and interpretation of the data can be under-taken. It must again be stressed that where practitioners have not come across any cases of nutritional disease, this fact should also be brought to the notice of the NNRI. 
F. W. Quass 
Director, National N11trition Research P.O. Box 395 Institute 
Pretoria 
JO February 1961 
URINARY CALCULI IN THE BANTU 
To the Editor: The interesting paper by Dr. Wise and Professor Kark on 'Urinary calculi and serum-calcium levels in Africans. and Indians' ' serves to confirm and underline the rarity of' urinary calculi in the Bantu compared with its relative com-monness in Indian and White populations. Its occurrence in Indians in India is patchy, but the cause of the condition and its irregular distribution is far from apparent. In New Delhi, which I recently visited. the condition of urinary calculi is common, especially in young people, yet every avenue of investigation so far has yielded negligible information of value. Investigations have included 'clinical appraisal with special reference to dietary and nutritional status. serum calcium. phosphorus, and alkaline phosphatase, citrate and mucoprotein levels of the blood. serum proteins, sodium and potassium, histological and histochemical study of the matrix of stones, and histological study of the wall of the bladder. A routine study of pH and bacteriology of urine was made'.' It is plausible, of course, to regard the occurrence of urinary calculi as one of the manifestations of chronic malnutrition, and many years ago McCarrison,• on the basi~ of his experimental studies, attached chief blame to a deficiency of 
vitamin A. Subsequent resetrch, however, has pro\'l unequivocal evidence in support of. t_his theory •. ~e un ties in the aetiology of the condition place 1t 1n the category as crypoto~enic 'nutri~onal' . heart disease, possibly gynaecomast1a as seen m Africans, both of 9fh were once confidently attributed purely to faulty nutnuon whereas it has to be confessed that now we no longer hate that assurance.• Our lack of knowledge presents a challen~ but one which is very difficult to meet; moreover, help unlikely to be forJ)tcoming from animal experimentation. The suggestion lhat liver dysfunction, indirectly, may help to protect the Bantu from urinary calculi is interesting Nevertheless, among many under-privileged populations 1;lse~ where, which are characterized by equal or greater hver dysfunction, urinary calculi are common. I 
The suggestion that changes in drinking and other h~bits may have a bearing on the condition has been made m a recent epidemiological investigation of urolithiasis in Israel.' In 12 settlements with a total of 30,292 inhabitants there were 357 patients with urolithiasis (l l -8 per 1,000),. men being affected much more than women. There was a wide range of incidence in the settlements, from 1-6 to 34 -1 per 1,000. according to age, country of origin and length of stay in the settlements. Among imm; -rants from the Middle ~~t and North Africa there were 7 -9 cases per 1.000. and m those from Europe, 27 per 1.000. A high incidence was associated with a low fluid intake. largely the result of transfer of drinking habits from European conditi~ns. and_ low O!JiPUt of urine caused by large extrarenal fluid loss m cond1llon of heat and heavy manual labour. 
I do not agree with the ~tatement that 'the serum-calcium level is independent of the dietary intake" of the element There is a good deal of evidence that populations habituated to a diet. inter alia, low in calcium. have relatively low serum-calcium concentrations. and l'ice versa .• ' To whaj extent these low levels are due to a low intake of the element or to other factors, is not known. As far as I am aware. low values have not been markedly elevated by ingesting calcium salts only. At this centre, however, we are seeking to throw some light on this aspect by determining serum-calcium level in Bantu consuming similar diets but imbibing water of gros,;ly different calcium concentration. 
Alexander R. P. Walker Human Biochemistry Re~earch Unit 
South African Institute for Medical Research 
Johannesburg 
14 February 1961 
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HEART DISEASE IN PREGNANCY 
To the Editor: Mr. M. B. E. Sweet' has drawn attention to the dangers of sudden collapse and death of the cardiac patient in the third stage of labour and in the first 12 - 18 hours after delivery. Another dangerous period occurs a week after delivery. when the patient appears to be making good progress. Again, the chief cause of death is sudden heart failure; acute pulmonary oedema is not uncommon. and rarer causes are massive thrombosis of the deep pelvic veins. pul-monary embolism. and even mesenteric thrombosis. The last 3 conditions are nearly always 'issociated with Caesarean section in Grade III or IV patients. 
The prognosis of cardiac disease in pregnancy. particularly of mitral stenosis. may be very deceptive, since sudden death can take place at any stage of pregnancy. Many practitioners have experienced at least one or two such cases. A typical · example is that of a young primigravida with a Grade I mitral ~tenosis. An experienced cardiologist had given very good Jll"Ognosis when she was 2 months · pregnant. yet 2 months later she died suddenly from acute pulmonary oedema. Everyone agrees that cardiac patients should be under 
Council on Foods and Nutrition 
Symposium on Human 
Calcium Requirements 
The minimum requirements for dietary calcium 
for humans have not been established. It is gener-
ally agreed that there is no convincing evidence of 
harm at intakes of slightly less than ,'300 mg/ day or 
as high as 2,000 mg/ day in normal individuals. 
There is disagreement, however, about minimum 
dietary requirements for calcium for all age groups. 
Some believe that the Recommended Dietary Al-
lowances of the National Research Council are too 
high; others believe they should be increased for 
certain individuals. 
The Council on Foods and Nutrition has author-
ized the publication of the following papers, which 
present the views of six authorities in the field. 
PHILIP L. \VHITE, ScD, Secretary 
1.-D. Mark Hegsted, PhD, Boston: There are no 
data available which allow a satisfactory estimate 
of calcium requirements. It is now established 
beyond doubt that the estimation of the amount of 
calcium required to maintain calcium balance in 
adults, the information upon which the adult Rec-
ommended Daily Allowance for calcium 1 is based, 
is not a valid estimate of calcium need. This finding 
is demonstrated by the ability of both animals and 
man to maintain calcium balance over a wide range 
of calcium intakes and the fact that the amount 
required to maintain balance is largely determined 
by the past dietary history. 2 • 3 
Although much of the world's population con-
sumes diets very low in calcium as compared to our 
current standards, there is no evidence of any clini-
cal condition which can be classified as calcium 
deficiency. We do not know whether intakes of l 
gm/ day are better or worse than half that amount 
or even less. 
We must remember that adaptation to the diet 
we consume is a necessary condition for life. Adap-
tation to high, low, or intermediate levels of cal-
cium intake is achieved by adjustments in absorp-
tion and excretion so that neither too much nor too 
little calcium is retained. The mechanism is un-
known. Although we commonly measure adaptation 
to calcium intake by balance experiments, it is 
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obvious that this technique is not satisfactory to 
determine whether or not adaptation is complete; 
that is, whether optimal health is achieved at any 
particular level of intake. New techniques are 
needed, but so far few ideas have been advanced. 
Theoretically we should be better equipped to 
estimate calcium requirements of children than of 
adults since children have to retain sufficient cal-
cium to build a skeleton. Estimates have been made 
of the rates of calcium deposition which may oc-
cur,' but the necessity or desirability of such rates 
at different ages is not supported by .data. Further-
more, the balance data often reveal such high levels 
of calcium retentions that they cannot be inter-
preted in terms of requirements. It is known that 
errors inherent in balance studies tend to give ex-
cessively high figures for calcium retention. The 
differences in efficiency of absorption which are 
reported probably reflect differences in customary 
calcium intakes. Depending on the assumptions 
made as to the efficiency of absorption at different 
levels of intake, estimates of requirements can be 
reached which differ by at least 100%. On the basis 
of theoretical estimates and of the limited evidence 
available in areas where calcium intakes are not 
high, there is reason to believe that normal skele-
tons are formed with intakes much below those 
currently recommended. 
The calcium needs are probably large during 
lactation. Yet, the multiple stress of repeated preg-
nancy and lactation superimposed on a low calcium 
intake does not cause osteomalacia apparently nor 
does it limit the production of normal milk pro-
vided the vitamin D needs are met. Whereas theo-
retical considerations will dictate higher require-
ments during lactation and pregnancy, even here 
the evidence is not particularly convincing. 
With regard to osteoporosis, the controversy has 
been presented and discussed by Reifenstein Urist 
Nordin, and Whedon.• In Urist's series of ;tudies: 
low calcium intakes were not more common in 
patients with osteoporosis than in those without the 
condition. Certainly osteoporosis is not uncommon 
in the United States and other countries where the 
calcium intake is relatively high. Although the data 
from countries where intakes are lower are insuffi-
cient, there is an impression that this disease is not 
as common as might be expected if low calcium 
intake were a causative factor. Comprehensive epi-
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demiological studies should be made immediately. 
The fact that high intakes of calcium are appar-
ently required to force a positive balance in osteo-
porotic patients would tend to support the argu-
ment that the calcium loss is caused by the disease 
rather than the reverse. The findings that animals 
adapted to low intakes retain their ability to con-
serve calcium into old age may be relevant to the 
development of osteoporosis. 
We are called on, therefore, to propose dietary 
ealciutn standards without satisfactory evidence, 
indeed with essentially no evidence, on which to 
base them. It becomes, then, largely a matter of 
philosophy. I have argued elsewhere " that there is 
more evidence of harmful effects of high calcium 
iutakes-hypercalcemias, milk-alkali syndrome, kid-
ney stones, idiopathic hypercalciuria-than of cal-
cium deficiency. As far as I am aware, there is little 
evidence that high calcium intakes are causative of 
any of these conditions but high intakes may be 
detrimental in susceptible individuals. Hence, I 
object strenuously to dietary standards which force 
the conclusion that 30% of the US population is not 
getting enough calcium. We have refused to estab-
lish standards for many essential nutrients-potas-
siml\, magnesium, pyridoxine, folic acid, and vitamin 
B12, for example-either because there is insufficient 
evidence as to the requirement or because the de-
ficiency disease is rare. Nevertheless, the deficiency 
syndromes associated with many of these substances 
are reasonably well characterized and they do occur 
in the US and elsewhere. On the basis of the infor-
mation currently available, many of these nutrients 
deserve more attention than calcium. 
I believe there are insufficient grounds for lower-
ing the calcium intake of the US population delib-
erately, although the possible detrimental effects 
deserve some study. In any event, dietary standards 
have never been effective in limiting intake. A mod-
erate lowering of our standards is needed to remove 
much of the unjustified emphasis given to calcium 
currently. Meanwhile, research should be encour-
aged to provide some valid answers in this area. 
11.-Harold E. Harrison, MD, Baltimore: The 
concept that intestinal absorption of calcium is 
inefficient and high intakes of calcium are required 
to insure sufficient calcium retention for growth in 
the child and to maintain calcium balances in the 
adult is based on the following obsen1ations. Only 
part of ingested calcium is absorbed. Endogenous 
calcium contained in the intestinal secretions enters 
the small intestine and increases the load of calcium 
requiring absorption. 
Vitamin D is required for efficient intestinal 
absorption of calcium; the fecal loss of calcium is 
increased in vitamin D deficiency states. Increased 
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concentrations in the intestinal lumen of phytate, 
oxalate, or unabsorbed fatty acids which form non-
ionized or poorly soluble calcium complexes also 
increase fecal losses of calcium. Hypermotility, re-
sulting in the rapid sweeping of the contents of the 
small intestine into the colon, reduces the absorp-
tion of calcium. In the normal individual, with ade-
quate vitamin D intake, the net absorption of cal-
cium does not increase proportionately as intake is 
increased. For example, recalculation of data from 
studies of calcium balance by Bogdon off et al, 7 
gives the following information: At calcium intakes 
averaging 109 mg/ day the fecal calcium was equal 
to or somewhat in excess of the intake. When the 
intake was raised to 859 mg/ day, 210 mg or 28% of 
the calcium increment of 750 mg was absorbed . 
When the intake was raised to 1,543 mg/ day only 
71 mg or about 10% of this second increment of 
684 mg was absorbed. These calculations are based 
on the assumption that endogenous calcium added 
to the gut in intestinal secretions was the same at 
all levels . 
The effect of adaptation and adjustment to levels 
of calcium intake and the physiological state of the 
subject must also be taken into account. If an indi-
vidual is adjusted to a high calcium intake, change 
to a low calcium intake at first leads to a negative 
calcium balance because the intestine continues to 
reject a large percentage of the calcium ingested . 
With prolonged low calcium intake the efficiency 
of absorption increases and fecal calcium loss is 
reduced. A higher proportion of ingested calcium 
is also absorbed by the young, growing individual 
than by the adult. Pregnancy likewise results in 
increased intestinal uptake of dietary calcium. Pre-
sumably, the adaptive response and the effect of 
growth on calcium absorption represent alterations 
of intestinal transport of calcium in response to the 
state of mineralization of the skeleton; the mecha-
nism through which this response is mediated is 
unknown. Because of these adaptive responses, the 
estimation of calcium requirement cannot be made 
by simply determining calcium balance at various 
levels of intake over relatively short periods. The 
previous intake of calcium will alter the results 
unless the balance periods are so prolonged that 
complete adaptation can be assumed. Such a study 
has been done with adults by Malm; but it is 
impractical to examine many subjects over a wide 
range of levels of calcium intake in this way. 
The interpretation of calcium retentions in the 
growing child at high levels of calcium intake 
is also difficult. For example, a breast-fed infant 
receives 0.5 mg of calcium per calorie or about 
60 mg/ kilogram at a caloric intake of 120 cal-
ories/ kilogram. About two thirds of this calcium 
may be retained. The infant fed a standard type of 
cow's-milk formula with added carbohydrate in-
gests 1.33 mg of calcium per calorie or 160 mg/ kilo-
gram. The calcium retained-as measured by balance 
SYMPOSIUM ON HUMAN CALCIUM REQUIREMENTS 
studies-on this diet may be 60 to 80 mg/ kilogram 
which is actually greater than the total intake on a 
human-milk diet. The breast-fed infant has no 
obvious deficiency of calcium and it is certainly 
questionable whether the greater retention of cal-
cium by the infant fed cow's milk can be inter-
preted as evidence that the infant's need for cal-
cium exceeds that supplied by human milk. There 
may be a systematic error in balance data when the 
intake of the substance measured is extremely high 
in relation to the net retention. If the diet is not 
completely eaten and the amount lost is under-
estimated, or if some of the feces or urine are lost, 
the calculated retentions will be incorrect. It is 
likely, however, that the skeleton of the growing 
child can take up more calcium if the calcium 
intake is increased up to some maximum. It does 
not follow, however, that the highest calcium re-
tentions are mandatory for good nutrition. 
Between the first and tenth year of life the daily 
retention of calcium needed for skeletal growth has 
been estimated by Leitch and Aitken • to be between 
75 and 150 mg/ day. This level of calcium retention 
can be maintained on a daily intake of 600 to 800 
mg of calcium ( approximately 0.4 mg of calcium 
per calorie) ; ranging from 60 mg/ kilogram at 1 yr 
to about 25 mg/ kilogram at 10 yr. During the pe-
riod of prepubertal and pubertal growth spurt, 
retentions of calcium increasing up to as much as 
400 mg/ day have been estimated as necessary to 
maintain the state of mineralization of the rapidly 
growing skeleton. Such retentions are possible with 
calcium intakes of 1,000 to 1,500 mg or about 0.3 
to 0.4 mg of calcium per calorie and about 25 
mg/ kilogram. After cessation of growth, a calcium 
intake of 600 to 800 mg or about 0.25 mg of cal-
cium per calorie and 10 mg/ kilogram can maintain 
calcium equilibrium in the vast majority of sub-
jects, other than the pregnant and lactating woman. 
The figures cited are not minimum values and 
adaptation to lower levels of calcium intake is cer-
tainly possible. Whether low intakes of 300 to 400 
mg of calcium per day for children or adults should 
be recommended if larger amounts of calcium are 
readily available is certainly debatable. In popula-
tions adapted to these low levels of intake, skeletal 
mineralization can apparently be maintained. How-
ever, it must be remembered that the stature 
and skeletal mass of the short Peruvian Indian, 
whose calcium intake is estimated to be below 250 
mg/ day; is much less than that of the average 
adult in this country. Extrapolation of data from 
one group to the other would be hazardous. 
The calcium allowances suggested by the Food 
and Nutrition Board of the National Research 
Council are almost certainly above minimal needs. 
In view of the ability of most individuals to adapt 
to varying levels of calcium intake, dietary calcium 
intakes both below and above these allowances are 
compatible with good nutrition. There seems to be 
no need to recommend extremely high levels of 
calcium intake except in special cases. Those pa-
tients with osteoporosis in whom careful studies 
have indicated that calcium intakes much above 
ordinary allowances are needed to achieve calcium 
retention are exceptions. 8 The possibility must be 
considered that high calcium intakes from child-
hood on may alter the physiology of calcium ab-
sorption, that intestinal absorption of calcium may 
be reduced to a minimum with urinary calcium 
excretion fixed at a relatively high level, and that 
negative calcium balances could result in late adult 
life despite ordinarily adequate calcium intakes. 
There is no evidence, however, to support or refute 
this hypothesis at the present time. There are, 
apparently, individuals who have relatively high 
urinary outputs of calcium which do not diminish 
when dietary calcium intake is reduced and who 
therefore go into negative calcium balance. This 
difference in urinary output may represent indi-
vidual differences in renal tubular function rather 
than effects of diet or other environmental factors . 
111.-Ragnar Nicolaysen, MD, Oslo, Norway: 
Deficiency diseases play an important role in the 
evaluation of nutritional requirements. 
The establishment of balance or of saturation 
has little physiological meaning in itself. There 
must be a correlation with physiological functions 
or frank disease.• 
The existence of a calcium deficiency disease 
has never been clearly established. Hegsted has 
phrased it with acuity: "Calcium is a nutrient in 
search of a disease." For this reason many feel that 
human dietaries, as consumed in various parts of 
the world, contain sufficient calcium to cover the 
needs of the majority of the populations. 
Recently, interest in old-age osteoporosis has 
been revived.•. 8 ' 10 There is some evidence in favor 
of the view that old-age osteoporosis is a calcium 
deficiency disease. Nordin • reported relief of symp-
toms of osteoporosis in a number of elderly per-
sons. He claims that such persons retain calcium 
avidly over long periods. Some of the reported 
retention figures are much too high to be repre-
sentative of true long-term retention and the clini-
cal evaluation of cures is at times beset with diffi-
culties. But it must be hoped that this revived 
interest will reslllt in definitive work. Meanwhile I 
still believe that my evaluation 9 in 1960 is justified: 
The possibility still remains that the demineralization 
process in persons with osteoporotic tendencies can be 
slowed down with the aid of a diet rich in· calcium and 
what perhaps may be just as important, additional vitamin D. 
At a recent meeting of the FAO/ WHO Expert 
Group on Calcium Requirements we discussed the 
problem of minimum calcium requirements for 
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adults and elderly persons. The Group agreed that 
they could not define a precise minimum figure. 
The term "suggested practical allowance" 11 was 
adopted, and defined as "the intake at which the 
needs of the great majority of persons in any de-
fined population group are likely to be adequately 
met" ( 400 to 500 mg/ day for adults) . Such an 
approach to a practical recommendation appears 
to me to be well substantiated by world-wide ex-
perience. Of course there is a possibility that some 
individuals ( perhaps 1 in 1,000) may suffer long-
term negative calcium balance with an intake of 
400 to 500 mg of calcium daily over several dec-
ades, with the consequent development of osteo-
porosis. The most important argument against this 
possibility is presented by reports that osteoporosis 
is not common in geographical areas where the 
intake of calcium is habitually low. However, it 
may be argued that in the Eastern World people 
die earlier, and that many persons are not under 
such good medical supervision as is common in 
countries with highly developed medical services. 
It can also be argued that many may tolerate 
moderate osteoporosis without calling a doctor. 
This is all speculation, but it is not unwarranted 
to draw attention to the situation existing 60 to 
70 yr ago in the now highly developed countries. 
Many people suffered from backache, lumbago, and 
sciatica then. The tools for precise diagnosis were 
not available, and time and patience cured many 
diseases now treated by only partly successful 
modern therapy. I venture to suggest that close 
and intense medical scrutiny of persons in areas 
where calcium intake is low may still reveal that 
pathological conditions such as osteoporosis are 
more common than is now recognized. 
Some support for the view that osteoporosis can 
be prevented with the aid of a more liberal intake 
of calcium than the "suggested practical allowance" 
can be found in various observations of calcium 
balance in osteoporotic and elderly persons. Most 
recently Whedon 8 has produced some evidence in 
favor of such a view. From this institute, Malm '-' 
conducted long-term studies with 39 adult males. 
Three elderly men retained calcium avidly over 
several months. Even more important are the data 
for one man, 50 yr old, who remained in balance 
for more than 300 days while ingesting about 
900 mg of calcium daily. However, his balance was 
negative during the successive 450 days on a daily 
intake of 550 to 750 mg of calcium. His urinary 
calcium was high ( 300 to 350 mg daily) and not 
at all adapted to the continuous calcium drain. 
Data for two other subjects in this study suggests 
that such a response may not be too uncommon. 
Perhaps it is warranted to state that there is no 
easy solution to a complex problem. I subscribe fully 
to the "suggested practical allowance" because a 
standard which can be applied with reason in re-
gions of low supply of calcium was and is needed. 
IV.-G. Donald Whedon, MD, and Leo Lutwak, 
MD, Bethesda., Md.: The recent demonstration 
that the strength of bone is related to the degree 
of its mineralization 1 2 intensifies current interest 
in the possible influence of the level of calcium in 
the diet on the mineralization of bone. Careful 
studies of this latter relationship are essential for a 
correct statement of human calcium requirements 
adequate for development and maintenance of the 
skeleton. 
Investigation of dietary calcium requirements , 
as well as of other factors which may promote 
mineral storage, is of even greater interest to those 
concerned with adult health and gerontology be-
cause of growing recognition of the high incidence 
of the demineralizing disorders, postmenopausal 
and senile osteoporosis. Urist; Gershon-Cohen,"' 
and Smith• have demonstrated that osteoporosis, 
sufficiently severe to produce vertebral compression, 
was present in 26% to 29% of more than 300 am-
bulatory women over 50 yr of age who were studied. 
The quantity of calcium in the diet has been of 
little concern to nutritionists because of the ob-
servation ( in certain population groups of younger 
age) that adaptation to low intakes may occur 
through decreased excretion. Malm 3 has shown, 
however, that some persons cannot adapt to low 
intakes, but remain in negative calcium balance 
for long periods. In osteoporosis, the significance 
of calcium intake has been generally disregarded 
because the classic concept of the disease is that it 
is an affection primarily of the protein matrix of 
bone, demineralization occurring secondarily as the 
result of too little bone formation. Recently, this, 
concept has been challenged and attention is being 
focused on impairment of availability and of re-
tention of calcium as a prime factor in this disease. 
The probable importance of calcium in osteo-
porosis has been indicated by various bits of evi-
dence, individually inconclusive but collectively 
impressive. These have been summarized by 
Whedon 8 and reviewed in detail by Nordin. 10 
Evidence includes the demonstration that calcium 
deficiency without lack of vitamin D produces 
osteoporosis, rather than rickets, in several species 
of animals; the somewhat more frequent occurrence 
of hypercalciuria among osteoporotic patients than 
among control patients; and the indication from 
dietary surveys that habitual mineral intakes are 
significantly lower among osteoporotic patients 
than among nonosteoporotic individuals of the 
same age. In addition, radioisotopic studies of cal-
cium dynamics in various bone diseases-with al-
lowance for the considerable assumptions required 
by the method-have shown expected abnormal 
rates of incorporation of calcium into bone. In os-
teoporosis, however, rates were found at least equal 
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to normal, 16' 11 when lower than normal rates would 
be expected in order to coincide with older ideas 
of diminished bone formation. A considerable mun-
her of short-term, and a few, more valid, long-term 
metabolic balance studies have indicated that in a 
probable majority of osteoporotic patients calcium 
balance can be achieved with a high calcium in-
take. 8 ' 10· " A significant aspect of these studies has 
been the considerable individual variation in the 
amount of calcium required to achieve a positive 
balance. 
These new findings have suggested an alteration 
in the concept of osteoporosis, namely, that atten-
tion be directed once more toward mitritional fac-
tors in its etiology.8· 15 Since calcium levels must 
be kept within physiological limits for coagulation 
and neuromuscular functions and there are certain 
obligatory losses of calcium in urine, stool, and 
sweat, calcium in an amount equivalent to output 
must be supplied from the diet. If dietary sources 
are insufficient, if intestinal absorption is inade-
quate, or if losses cannot be reduced in those who 
cannot fully adapt, calcium is drawn from the 
body storehouse, bone, probably initially from tra-
becular areas and later from cortical areas. Grad-
ual bone resorption, at a rate greater than that of 
formation, may thus be the principal mechanism 
through which osteoporosis develops, probably over 
several decades. This concept is supported by re-
cent microradiographic observations of the human 
skeleton by Jowsey 18 which indicate that resorbing 
surface increases with advancing age without any 
change, either decrease or increase, in bone-form-
ing surface. This concept does not confine investi-
gation of or enthusiasm for numerous factors, hor-
monal and other, which may affect calcium balance, 
but focuses attention on the central essential nutri-
ent for mineralization of bone, calcium. 
If calcium insufficiency is a significant etiologic 
factor in the now frequent osteoporosis of old age 
-which has its probable origin during middle age-
serious thought must be taken before a suggestion 
is made regarding a reduction in adult require-
ments. On the one hand, adaptation of certain indi-
viduals to low calcium intakes and, on the other, 
both the higher mean intake level and spread in 
the level needed to place and keep osteoporotic 
patients in positive calcium balance suggest much 
variation in calcium requirement among different 
individuals. While part of any population might 
subsist in health on a calcium intake of less than 
800 mg/ day, a substantial proportion may require 
much more. A recent review 8 of the effects of 
high calcium intakes. ( in the absence of excessive 
amounts of alkali or vitamin D) did not reveal 
evidence of harm. 
The discovery of simple procedures which would 
identify those individuals who require high levels 
of calcium intake would be very useful; presently 
this information can only be obtained by metabolic 
balance studies extending over many weeks. Much 
more data are needed for all age groups to deter-
mine the range of daily calcium intakes required 
to maintain the integrity of the skeleton. 
V.-Alexander R. P. Walker, PhD, Johannes-
burg, Union· of Sou.th Africa: In seeking to deter-
mine the calcium requirement for humans it is 
necessary to know the amount below which specific 
deleterious effects occur. When a diet is abnormally 
low in calories, or in nutrients such as iron, iodine, 
or vitamins C and D, the stigmata which result are 
predictable, and in general remediable with sup-
plements of the relevant food component. With 
calcium, however, the situation is different, because 
the signs of deficiency are not known with cer-
tainty. The main obstacle to enlightenment is that 
diets low in calcium usually are low in other essen-
tial nutrients. Perhaps the most rewarding approach 
to the subject would be the study, at various levels 
of habitual intake, of the integrity of physiological 
processes in which calcium, directly or indirectly, 
is involved. The most appropriate groups for study 
are ( 1) the lower socioeconomic stratum of popu-
lation groups, particularly those persons dwelling 
in underdeveloped countries, and ( 2) the segment 
of such populations most avid for calcium, ie, grow-
ing children and pregnant and lactating women. 
Turning first to growth, children under favor-
able nutritional and other environmental conditions 
undoubtedly grow more rapidly than those less 
favored. The same applies, although in lesser meas-
ure, to ultimate height at maturity. Nevertheless, 
there is no unequivocal evidence that a low cal-
cium intake is an actual deterrent to rate of 
growth. 10 Limited studies on South African Bantu 
groups consuming the same type of diet but imbibing 
waters of grossly different calcium concentration 
and studies on Central American groups consum-
ing tortillas treated or not treated with lime do not 
support the view that the level of calcium intake 
is a critical factor in determining rate of growth. 
In any event, it is questionable whether inferior 
height of children or adults otherwise healthy is 
essentially a disadvantage. 
Because bone contains more than 99% of the 
total body calcium, it would seem logical under 
conditions of low calcium intake to look for abnor-
malities of bone; whether in percentage composi-
tion, mineral matter per unit volume, percentage 
total bone per body, or bone structure. Except in 
cases of severe rickets, bone from persons whose 
calcium intake is low does not seem to be abnor-
mal in regard to percentage composition, structure, 
and liability to fracture. 20• 21 Absence of rickets, 
also of osteomalacia, is compatible with a habi-
tually low calcium intake; moreover, sound teeth 
are found more often in backward populatiom 
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whose diet is low in calcium, 22 inter alia. Paucity 
of evidence does not allow conclusions about per-
centage total bone per body in populations accus-
tomed to different intakes of calcium. Much the 
same lack of knowledge prevails regarding mineral 
matter per unit volume of bone, which measure-
ment reflects incidence and severity of osteoporosis. 
However, limited knowledge of this particular for 
underprivileged populations 23 does not suggest 
lower physical bone density. Recent evidence indi-
cates that lower retentions of calcium and a higher 
incidence of osteoporosis correlate generally, but 
not invariably, with lower calcium intake. 15 If this 
correlation were found to obtain universally, then 
wide differences in the incidence of osteoporosis 
would be expected to prevail between different 
socioeconomic classes. Moreover, in the lower 
classes, especially in backward countries, the high-
est incidence of osteoporosis should be among older 
women with repeated pregnancies and long lacta-
tions. Nevertheless, Seftel 2 • has observed that os-
teoporosis in the Bantu is more common in men 
than in women. 
There is little doubt that, among populations 
whose calcium intake customarily is low, the mean 
serum calcium level is lower than in more favored 
populations. 25 The lower level of serum calcium 
is regarded by some authorities as pathological. I 
do not think the lower level of serum calcium is 
more pathological ( in the absence of clinical or 
other stigmata) than the lower levels of serum 
cholesterol or of blood sugar in such populations, 
or their higher mean levels of total serum protein 
or magnesium. 
It is known that calcium has a metabolic role in 
blood coagulation, also in urolithiasis, cholelithiasis, 
and tetany. But knowledge is lacking on the pre-
cise bearing of levels of calcium intake on these 
conditions. 
The present state of knowledge is inadequate to 
define human calcium requirements. Certainly, 
when data on body mineral composition of young 
healthy subjects from widely different populations 
are available, it will be possible to calculate mini-
mum daily retentions of calcium necessary to per-
mit satisfactory skeletal formation. But until such 
information is forthcoming, and until knowledge 
of osteoporosis is more advanced with respect to 
the significance of sex, age, race, socioeconomic 
status, activity, and calcium intake, it would seem 
advisable not to recommend specific changes in 
national dietaries. 
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S".rUDIES BEA.RING ON THE l'1FJJ\'\BOT,ISM CF .IRON BY THE 
SOL"TH AFRICAN BANTU. 
1. IRON INTAKE AND EXCREI'ION · nr THE BANTU. 
(i) Tll~ high intake of iron. 
47. 
In underprivileged populations it is usual for the iron 
intake to be r e lat ively low, since foods rich in iron, e .g. meat 
and eggs, are expensive. This is particularly the case with 
indigenous populations dwe lling in the tropics and semi-tropics. 
The ill effects of the usually low iron intake, moreover, are 
aggravat ed by the added burden of infections, especially those 
involving bl ood destruction or los s (mal aria, ancylostomiasis, 
bilharzia ) • Accordingly, it is normal for there to be a greater 
prevalence of iron deficiency anaemia in such people compared with 
White popul2.t i ons. The adverse situation is manifested especially . 
in t he vulnerabl e groups, namely, children, -pr egnant women, and old 
people. 
Among the South African Bantu, the scarcity of published 
information on the prevalence of iron deficiency anaemia should 
have prompted enquiry into possible sources of adventitious iron 
in their diet. The source of this iron was discovered fortuitously 
in 1948 by the writer when carrying out mineral salt balance studies 
on Bantu prisoners in the Johannesburg ga.01.3 2 In these investiga-
tions it wa s f 01,md that iron intakes and f aecal excret ions ranged 
from 40 - 100 mg. per.ftiem. Re search r evealed th.at the adventitious 
iron was derived a l most wholly from food prepara tion vessels. Subse-
quently , many laboratory studies were carried out in which numerous 
types of Bantu foods were cooked in the familiar iron "kaffir pot'', 
also in the l e ss frequently used paraffin can. The foods cooked 
included maize and maize products, 11 kaffir corn" (sorghu.rn vulgar~), 
legumes (beans, "cow peas"), and ve getables (sweet potato, pumpkin, 
"kaffir" spinaches). This laboratory work was paralleled by 
determinations of iron concentration in various Bantu foods, §& 
prepar~b~ themsolve_g, especially the acid fermented cereal 
foods, "sour porridge" (magou) and "kaffir beer", which have a 
pH value of 3.5-5.0, and are consumed in variable although often 
large volumes by adults. 
Regarding ranges of intake, - in the case of children, 
their intake fromeverydayfoods may be increased by 50 - 100 
4a. 
per cent from adventitious sources, i.e. from about 12 mg. to 20 -
25 mg. per diem. 'J1he intake of Bantu men may often exceed 50 mg. 
1£!' ___ <1._:j&m, and occasionally 100 mg. or more .2§._r~dj.em, particularly 
at weekends or on festive occasions. Most Bantu women would seem 
to be exposed to an intake of iron lower than that ingested by 
men. 32 ,42 ,43 ,44 
(ii) Iron concentration in stool~. 
A check on these high intakes has been afforded by 
determining the concentration of iron in stools, a procedure 
especially easy in rural districts since almost all Bantu, especially 
children, when living on their traditional high residue diet, can 
pass stooJ.s on request . Previous studies have shown that rural 
Bantu adults on an average void 50 - 70 g. dry faeces per diem. 
Hence, reckoning iron concentration on stools of this nagnitude, large 
excretions of the element were found, in ono case exceeding 300 mg. 
per stool. These studies, while lacking in accuracy, have provided 
abundant confirmation of the unusually high intakes and faecal 
excretions of iron occurring so frequently among these people. 
(iii) Iron concentration in urine. 
The amount of iron excreted per diem in the urine of Bantu 
was not found to be increased, but to lie within normal limits, i.e. 
1, 5 44 
0.1 to ~ mg. Fe 1fil'.' diem. 
(iv) Cornmenf., .-
A high intake of adventitious iron by man is not a rare 
phenomenon. Experimentally, in 1945, McCance and Widdowson 
demonstrated that occasionally large arnounts of iron may be taken 
up during the cooking of certain every-day British foodstuffs. 
In India , in 1938 , Ranganathan showed tbat "the accretion of iron 
which may r esult from iron contamination during food storage and 
49. 
preparation, nay bo very consid.erable 11 • Recently (1963), attention 
has been drawn 9 by MacDonald and c o-workers (Boston, U. S.A.), to the 
high concentration of iron occasionally found in wine. However, it 
is seldom for such adventitiously enriched foods or drinks to be 
consumed excessively by 'ifhites, the reby contrasting strongly with the 
often large amoi.mts of cereal products hab itually prepared and con-
sumed by the Bantu. 
2. ABNORMAL IRON DEPOSITION OR SIDER0SI'3 IN 'CHE BANTU. -·----·- -·---· -·- ------- --
(i) -~.?,rlier hypothesM• 
As far back as 1929, Strachan , in Johannesburg, noteQ how 
frequently t he livers of adult Bantu at necropsy were bronze in 
appearance , a nd gave an intense blue sta in with acid ferrocyanide 
solution. Str 0 chan conside red t hat this widespread abnormal iron 
deposition or siderosis was due to~ noxious :metallic poisons, -
copper, tin , and zinc. In 1945, Gillman and Gillman renewed interest 
in the aetiology of the condition by ascribing it , rimarily to mal -
nutrition and pellagra. In 1948, and thereafter, the writer, arising 
from the balance observations described on Bantu prisoners, suggested 
l\'I\ that the primary cause of the condition was the kusually high iron in-
take (iron "overload"), 43 ,44 
(ii) The iron "overload" hypothesis. 
This hypot hesis rests on three cardinal points:-
50. 
1. The iron intake of Bantu, partioula.rly that 01 adults, 
is UJJ.Usua.lly high, not necessarily habitually so, but 
certainly intermittently. 
2. There is a sufficiency of evidence that a high intake 
of iron invariably is accompanied by excessive absorp-
tion, whether tho consumer be in need of iron or not. 
3. Iron once absorbed is retained, unless lost by 
haemorrha@J. 
is very small. 
Excretion of the element into the bowel 
Briefly, the writer has postula ted t2at consumption of a high 
iron intake, whether rn c,ularly or intermittently, in the absence of 
si[;'IJ.ificant blood loss, ultimately causes siderosis. The cardinal 
points (2) c•.nd (3), primarily, are based on the pioneer work of 
'cCance and co-workers on iron absorption and excretion. The hypo-
thesis , of course, does not exclude the operation of other influen-
cing factors. 42 -47 
3. THE SEQ)JELAE OF SID:8R0SIS. 
CJ.·) S . 1 1 d" b"d" ·t 4S-5l erurn iron eve s an iron J.A_~~J.!i~· 
'l'he level of iron in the serum is influenced by a number 
of diseases and conditions. There are elevations in idiopathic 
haemochromatosis, transfusional siderosis, dietary siderosis, and 
certain infections. Levels are reduced in iron deficiency anaemia 
and in pernicious anaemia during remission. 
Studies on groups of Bantu males have revealed the mean 
"normal" value of serum iron to be approximately double that for 
White males; the "normal" value for females is a bout 30 per cent 
higher than that of White females. Studies on total iron binding 
capacity have shown Bantu males to be, on an average , 70 per cent 
saturated, and females, 40 per cent saturated. These situations 
contrast with that in idiopathic haemochromatosis where iron binding 
capacity reaches 90 - 10'.) per cent saturation. 
Our studies indicate, broadly, t~at elevation of serum 
iron correlates with extent of iron stores; the relationship, 
however, is by no means invariable.50 
51. 
School children: As indicated in Part I, extensive studies, 
involving observations on several thousands of Transvaal Bantu children, 
have revealed that iron deficiency anaemia is very unconunon.
11 
Adult nales: Several studies on Bantu males indicate high 
levels for haemoglobin and haematocrit. In regions where parasitism 
is no problem, mean levels of these components would appear to be as 
high as in White males, and in certain groups, even higher. 
M_ult females: A number of studies ~ Bantu fe1n.:1.les { in-
cluding pregnant women) have revealed a f11r lower frequency of iron 
deficiency anaemia than that prevailing in possibly all otherwise 
comparable groups of underprivileged women in the tropics and semi-
tropics. In r espect of iron deficiency anaer.1ia in pregnant women, 
certain Bantu groups are more favourably placed than the poorer moiety 
of White women. Other local workers have noted the high mean 
haemoglobin values in Bantu women. 
There is no doubt that the f , vourable situation in Bantu 
school children, ~nd men and women, is due to their high iron intake. 
(iii) Anatomical distribution and concentration of iron 
ill Bantu wit~~~bosis.57-59 -
In a study of 44 Tiantu at necropsy, in association with the 
inthologist, Dr. J. Higginson, it was reported that "iron storage 
occurs principally in the reticule-endothelial system and the liver, 
and not until heavy deposits are present in this system does the 
element appear in the epithelial tissues." It was found that if 
cirrhosis was present , then the pathology picture was indistinguishable 
from that in idiopathic haemochromatosis, although a high concentra-
tion of iron in the spleen, almost paralleling that in the liver, 
52. 
VL~~ 
serves to distinguish between the two conditions . In J.. severe cases 
of sid.erosis, it was found that iron c oncentra,tion in the liver 
r e.:ched 5 pe r cent, in the spJ.c en, 10 pe r c ent, and. in V8r~ebral 
bodies, LJ. pe r c ont, all on E\ dry weight basifl. Subse quent in-
vestigations by othor workers have led. to not wholly unanimous 
conclusions, save that there is full ag:,_'eement t hat in severe side-
rosis when cirrhosis is pre sent, _t he his-'coJ.ogical picture presented 
is the same a,s that in cJ.assical hacmochrom.2.t osis . 
4. PATEOOBNICirY OF SIDEROSrs.57- 59 ---
One worker, MacDonald, has recently summarised his view 
of t he position as :ollows:-
"Repented experiments in animals in which iron has been 
g iven ora lly a nd parcnterally, and in humans with 
incroasod tissue iron from oral and parenteral adminis -
tration, equal to or e xce eding the amounts found in 
haemochromatosis, demonstrate conclusively t ~iat iron 
does not cause fibrosis or cirrhosis . 11 
Studies by South African workers, Isaacson, Seftel, Bothwell , 
o.nd others, however, suggest that iron deposition may promote fibrosis 
and JJ1.ay also promote the development of haemochromatosis in Bantu 
diabetics . 
The yield of knc,wledge from s t ·c1.dies on animals, in relation, 
not only to the causation of sid.e2·osis, ,nt a)_so the facto:::-s influ€ncing 
its extP.nt ar.ci severity, Las been di.39. fr;;io :i.ntiy,_g. Not least, no ex-
periinenta 1 stl,dies :1ave heen carried :::il.lt in which a Ban.tu diet with its 
high irou content tk\ s 1:leen ccmpa.r2d with (i) th& same Bi=mtu diet without 
high iron ccntent, (:H) a. European :'!i~ t , (:Hi) a European diet supple -
mented with iror.. tc, co,norm in concentc::-a -l;ion to that of a Bantu diet , 
and (iv) a st0ck diet. 
~ ~ 
It is unfortunate that the Bantu diets 
previously used experimentally, usually hRve consisted almost wholly of 
maize, moreover, the iron supplements incorporated and fed to animals 
53, 
have afforded fantastically higher iron concentrations than such occurring 
in the Bantu c.iet. Finally, many sto0k d:.ete contain an ircn concen-
tratiun a s high or even h~gi ·er than t'hat obtaining L-i a oiclerotic :Bantu 
c, , 0:.1.-
dle't, namel;r, about G.·?.-11e:r cent 1i'e d:-~rHeight (i.a. lOOrrtg. Fe in 
500 g. di·y weight of fo~stuffs ); ye·';, st.c.ck diets of thir type do no·t; 
produc.6 &cnormal lron c.eposi tio~1 in expE::rimental anima~•-s. Thus, 
differer..ces in iron seudtivity and to~_erance batween anima ls and man 
detract from t:ie va~ ue cf ~ expe~·iraer.tc.1 studies and increase the 
cE..utic,n required in tl:.e interp:retatj_on end extrapola;tion of such ::;tudies 
to m3n . 
SUMMARY AND SUGGESI' IONS F})RFillURE RESEARCH. 
1, As indicated previously 1 the standard of the research work 
adduced is judged on the papers submitted (published or in press). 
Hence, only a few brief additional remarks appear necessary. 
2. The phenome:non of siderosis and its ramifications is 
fascinating on account of its loca l distribution and previously un-
suspected pathogenesis., While there is little doubt that the high 
iron intake of the Bantu is the prima.ry aetiological factor, further 
resea rch is required on the r.atura ~1d influence of promotive factors, 
e.g. frequency and intensity of exposure, state of nutrition, a lcohol 
intake , etc. But the more important need faoing research workers is 
to elucidate the p:t thogenici ty of the phenomenon in the Bantu in re-
l at ion to hepatic abr.orrr.ality or disease, i."1 r e l n:t i.on to diabetes and 
idio1nthic haemochrorur.,tcsis, a:.1d a2.so ir. rels.ti.0:1 "tu osteoporosis and 
sc1,,i:rvy. 
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Letter to the Editor 
reprintedfrom THE LANCET, April 1, 1961,pp. 723-724 
IRON-RETENTION DISEASES 
Srn,-Your leading article 1 dealt primarily with the 
pathogenesis of siderosis in the South African Bantu. 
I question your views on the importance of the role 
either of previous hepatic damage or of malnutrition in 
causing siderosis. As propounder of the " iron overload" 
hypothesis of Bantu siderosis, 2 3 may I draw attention to 
a number of points. 
(1) In the first place, your view of siderosis without qualifi-
cation as a "disease" does not seem justifiable. Work locally •- 7 
indicates that in a few siderotics the condition may cause or 
promote clinical disease (diabetes, cirrhosis) ; nevertheless, 
many observers have noted severe siderosis in Bantu livers 
with normal histology. Furthermore, in pioneer absorption 
studies, such as that of Widdowson and McCance, 8 many 
grammes of iron were retained; is it considered that the relevant 
subjects subsequently suffered from iron-retention " disease " ? 
And are all those who have had their iron stores increased by 
blood-transfusion regarded as suffering from iron-retention 
"disease"? 
(2) In a letter to your journal, I sought to point out that in 
all relevant studies carried out on man, a high iron intake leads 
to excessive absorption.• This is the normal response to high 
iron intake. Studies on whites have shown that with intakes 
at the levels reached, sometimes habitually, more often inter-
mittently, by the Bantu, the iron retentions are sufficient to 
account quantitatively for the siderosis in them. There seems 
no reason to believe that non-whites are likely to respond 
differently from whites to the same intake. There is therefore 
no need to invoke previous liver damage or malnutrition as 
:etiological factors, although it is possible that they play an as 
yet undefined role in the development of the condition. 
(3) Your leading article concludes that previous disordered 
hepatic metabolism could be primarily responsible for the 
excessive iron uptake from the undue amount present in the 
1. Lancet, 1960, ii, 1334. 
2. Walker, A. R. P. Brit. med. J . 1951, i, 819. 
3. Walker, A. R. P., Arvidsson, U . B. Trans. R. Soc. trop, Med. Hyg. 1953, 47,536. 
4. Bothwell, T . H ., Brad!ow, B. A. Arch. Path. 1960, 70,279. 5. Seftel, H . C., Isaacson, C ., Bothwell, T. H. S . Afr. J. med. Sci. 1960, 25, 89. 
6. Isaacson, C., Seftel, H. C., Keeley, K. G ., Bothwell, T . H . J. Lab. clin. Med. (in the pre~s) . 
7. Seftel, H. C ., Keeley, K. J., Isaacson, C ., Bothwell, T. H. ibid. 8. Widdowso11, E . M., McCance, R. A. Biochem. J. 1937, 31, 2029. 9. Walker, A. R . P. Lancet, 1960, ii, 209. 
2 
Bantu diet. But should the condition be due primarily to 
previous liver damage, there is no need to consider high iron 
intake as a contributory factor. In idiopathic hremochromatosis 
there is no question of a high iron intake being implicated. 
Furthermore, admittedly, the Bantu certainly have a high 
incidence of hepatic fibrosis, though opinions differ on whether 
they have a higher incidence of cirrhosis. But plenty of other 
non-white populations have a high incidence of hepatic fibrosis 
and cirrhosis; can it be explained why such groups do not 
develop siderosis? 
( 4) Turning now to the malnutrition theory of Bantu 
siderosis-the theory implies widespread malnutrition among 
these people. But the Bantu have not the monopoly of dietary 
deficiencies. I have visited other parts of Africa, South 
Eastern Europe, the Middle East, and India, and would 
consider that, speaking generally, the South African Bantu 
are much more favourably nourished compared with many 
other peoples. If indeed malnutrition is implicated, why then 
is siderosis not almost universal? Incidentally, you quote 
Golberg and Smith 10 as believing that the low protein content 
of the Bantu diet may be the factor responsible, and state that 
the Bantu intake " is certainly less than the usually recommen-
ded daily minimum of 80-100 g. protein". But the Johannes-
burg Bantu adult diet is not low in protein; moreover, your 
figure of 80-100 g. is far higher than that recommended by 
the various dietary standard bodies.11 It is possible, as pre-
viously noted, that an iron-absorption lesion, secondary to 
malnutrition and liver damage, may play a deleterious role 
only when the iron intake is high. 2 But we have found serum-
iron raised as high in Bantu population-groups with similar 
excessive iron intakes but greatly differing nutritional state. 
(5) The malnutrition hypothesis suggests that nutritionally 
induced pancreatic dysfunction may promote siderosis in the 
Bantu. 12 I know of no evidence, histopathological or bio-
chemical, of widespread pancreatic damage in the South 
African Bantu. 
(6) A so-called" bad" human diet-in contrast to a" good" 
diet (stock diet)-has been shown experimentally to promote or 
cause siderosis in rats, especially when iron intake is high .13 
It is difficult to assess how, if at all, such studies bear on human 
siderosis. Quite apart from uncertainties inherent in extra-
polating from animals to man, (a) the diet was not a Bantu 
diet; (b) the excessive iron concentration of the experimental 
diet was far greater than that of the diet consumed by the 
Bantu; (c) it is even questionable whether the rat is a suitable 
animal: the normal iron concentration of rat stock diets does 
10. Golberg, L., Smith, J . P . Amer. J. Path. 1960, 36, 125. 
11. Wohl, M. G ., Goodhart, R. S. Modern Nutrition in Health and Disease. 
Philadelphia, 1955. 
12. Gillman, T . in Ciba Colloquia on Ageing (edited by G . E.W. Wolsten-
holme); vol. 111, pp . 104, 188. London, 1957. 
13. Gillman, T ., Hathorn, M ., Canham, P.A. S. Amer. J. Path. 1959, 35, 
349. 
3 
not cause excessive iron retention in that animal, whereas the same concentration in human diets does cause abnormal ri:tention of the element in man. 
(7) Finally, Golberg and Smith,10 as well as your leading article,1 have hazarded views on the causation of Bantu side-rosis, a condition involving excessive intestinal absorption, on the basis of experimental studies of parenterally induced iron overload. The soundness of such reasoning is open to question. 
I do not by any means consider that we have all the the knowledge that we need for the full understanding of siderosis in the Bantu. But I submit, as I did ten years ago,2 that there is sufficient evidence to explain the phenomenon in terms of excessive iron intake, and would repeat there is no need to invoke other factors. If hepatic damage and malnutrition do play significant roles, then there has surely been ample time for advocates to bring forward unequivocal supporting evidence. 
South African Institute for 
Medical Rs'i~::;;cl:.i{~~~nnesburg, ALEXANDER R. P. WALKER. 
Printed in 
Great Britain 
The Lancet Office, 
7, Adam Street, Adelphi, London, W .C .2 
(Reprinted from Nature, Vol. 171, p. 699, April 18, 1953) 
Se rum Iron and Iron-binding Capacity in 
the South African Bantu 
EXCESSIVE amounts of iron are frequently present 
in various organs and tissues of adult South African 
Bantu1 • Among these people, the iron intake is 
often high, as much as 200 mgm. per diem 2• Further, 
occasional high values for serum iron have been 
reported among the Bantu of Bechuanaland3 • In 
view of these facts, serum iron-levels, iron-binding 
capacity and other data have been determined in 
groups of adult Bantu from different regions of 
Southern Africa. 
The Johannesburg group, of ages up to sixty 
years, were from a local non-European hospital ; 
they were either on the staff or were suffering from 
complaints unlikely to influence levels of serum iron 
or iron-binding capacity. The Bantu males, 18-40 
years, were workers from different territories, passed 
as medically fit for service in the gold mines. The 
European cont,rols were members of the staff of this 
Institute. • • 
Samples were taken by venipuncture between 
9.30 and 11.30 a.m., the usual precautions being 
taken to prevent contamination with iron. Serum 
iron was determined using the thioglycollic acid 
method. The iron-binding capacity was determined 
by the method o~ Rath and Finch•. The total iron-
binding capacity was obtained by adding the value 
M MANS, STANDAltD LEVIA'rlONS AND RANGES 0~' S~!llUA! I.RON AXIi 
'l'O'rAl, lROX- BINDING (JAPACl'rY JN DH'PgltEN'l' JI .\NTU UltOUPS 
'l'ot:il iron-bind-
Hcm:uks Scrum iron ing capacity 
(y per JOO ml.) (y i)Cr 100 mi.) 
Bantu Johannesburg 130 ± 40 (20)• 335 ± 55 ( 17)• 
females area (60-215) (240-435) ----------B:intu ,Johannesburg 230 ± 75 (14) 385 ± 50 (14) 
males area (I 10-380) (320-475) -------uroup At 105 ± 45 (39) 375 ± 70 (39) . ( 16-225) (2i5-590) 
- --------
Group Bt 285 ± 100 (68) 520 ± 90 (42) 
( I 10-550) (395-830) 
·----~-----~-------------
• Xumber of subjects. 
t B:intn with serum iron :ind total iron-binding rapacity wilhi11 
normal mnge ; l'ondoland (l3), X. Transv:1ai (Jlapedl) (I I) , Tangan-yika (12). 
t l{antu wit,h inrreased sernm iron :ind total iron-hinding capa<·it,·, 
sigulflcantly higher than those of group A; Mozambique ( 1-1), Ani:oia 
( I 2), Nyasalan<l (12) . 
., 
for semm iron to the iron-binding capacity. The 
difference between duplicates was never more than 
10 per cent ; all figures, therefore, including means 
and standard deviations, are given to the nearest 5 y. 
Our results for control groups of Europeans were 
in close agreement with values reported by other 
workers•,•. 
Several of the individual values obtained for serum 
iron and t,otal iron-binding capacity were higher than 
any reported for such diseases as idiopathic hremo-
chromatosis or transfusional siderosis•. In no case 
has serum iron saturation been found. Further, 
among the Pondos and Bapedi examined, a few very 
low values for serum iron were obtained, which were, 
howe,ver, consistent with normal hremoglobin levels. 
\¥hether or not our groups with high serum iron 
an<l total iron-binding capacity valuE:S corresponc! 
with groups having high iron intakes, or displaying 
abnormal deposition of iron, is being investigated. 
This communication is published by permission of 
Lhe Routh African Council for Scientific and Industrial 
Rescar·ch. For co-operation and help, we are grateful 
to Drs. R . C. Pearson and R. 1\1. Yeo, and to Messrs. 
,J. Lub and E. Rogers, of the Witwatersrand Native 
Labour Association Headquarters in Johannesburg ; 
to Dr. F. Keen of the Johannesburg. Non-European 
Hospital; and to Drs. I. Bersohn and M. L. Neser 
of this Institute. 
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SERUM IRON LEVELS IN SIDEROSIS DUE TO HABITUALLY 
EXCESSIVE IRON INT AKE 
BY J. HIGGINSON, K. J. KEELEY, M. ANDERSSON, AND A. R. P. WAL.KER 
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Research and Industrial Research, South African Institute for Medical Research, and the 
Baragwanath Non-European Hospital, lohanriesburg, South Africa) 
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Previous reports from South Africa have drawn 
attention to the heavy iron intake, and to the high 
frequency of hemosiderin deposition in the liver 
and other organs of the indigenous Bantu popula-
tion ( 1, 2). In addition, observations in different 
Bantu population groups have demonstrated ele-
vated levels of serum iron and total iron binding 
capacity in Bantu adults of both sexes. Satura-
tion is very rarely observed in contrast to findings 
in idiopathic hemochromatosis ( 3). In view of 
these observations it was considered worth while 
to determine how far serum iron levels reflected 
the extent of siderosis in a hospitalized population 
group in this area. Since it is our experience that 
the severity of hepatic siderosis correlates well 
with the degree of visceral siderosis elsewhere in 
the body, the present paper represents our findings 
in a small series of patients in whom both liver 
biopsies and serum iron determinations were car-
ried out. 
MATERIALS AND METHODS 
The liver material for this study came from 26 hos-
pitalized Bantu patients (aged 17 to 66 years) in whom 
liver biopsies were carried out as necessary adjuncts to 
diagnosis. Since it was difficult to obtain livers in which 
siderosis was negligible, one six year old child with mini-
mal siderosis (plus-minus) was added. There were 26 
needle biopsies and one surgical biopsy in this series. 
In Table I, the diseases causing the admission of the pa-
tient to hospital are listed. It has been previously shown 
that there is no association of siderosis to any specific 
disease ( 1). The biopsies were examined by routine 
histopathological methods, but an additional section was 
stained for hemosiderin by Perl's reaction as described 
by Lillie ( 4). 
Scrum iron levels were determined as previously de-
scribed (3). Patients in whom a viral hepatitis was sus-
pected clinically were excluded in view of the alterations 
in scrum iron levels known to occur in this condition. In 
all, a total of 'l:l subjects (14 males and 13 females) were 
available for study, but as the data obtained gave sig-
nificant results it was considered unnecessary to extend 
the series. 
Since these liver biopsies had bttn obtained for diag-
nostic purposes it was not possible to determine the de-
gree of siderosis by chemical methods. The degree of 
hemosiderin deposition \\ as therefore determined sub-
jectively by one observer who was unaware of the serum 
iron levels. All biopsies were graded when first ex-
amined and again at the end of the study after re-staining 
in order that grading should he as uniform as possible. 
Siderosis was graded from O to 3 plus, according to the 
degree of hemosiderin deposition in the Ii \"er cells l fL) 
and Kupffer cells (fK), separately, and also according to 
the total liver deposits ( fT ). T he portal u a ts were not 
considered separately as pre,·ious experience indicated 
that deposits here were variable, being dependent on the 
degree of portal fibrosis . 
R SULTS 
The results obtaineu are s· marized in Tables 
I and II. It will be obsen·ect that there is a sig-
nificant correlation between mean serum iron lev-
els and the presence or absence of siderosis in the 
liver, especially as determined by the degree of 
deposition in the Kupffer cells (fK) or in the liver 
a · a whole ( fT) The serum iron levels in cases 
in which the deposits are described as O or plus-
minus were definitely lu wer than those in cases 
with heavily ~ic.lerotic livers. It was observed, 
however, that once significant iron deposits were 
present in the li\·er no correlation was apparent 
between the degree of siclerosis and mean serum 
iron levels. For statistical purposes, therefore, the 
0 and plus-minus groups were grouped together as 
were also the 1 plus to 3 plus groups. 
In no liver in which hemosiderin was absent 
(0), of which there were five in the series, did the 
serum iron levels rise above normal ( 180 µ.g. per 
cent) ( Table I). On the other hand, in 3 of the 
17 livers in which the iron deposits in the liver 
were graded 1 plus to 3 plus, the serum iron levels 
lay below 180 µ.g. per cent., i.e., Patients 11, 18 and 
19 (Table I). 
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Splenic vein thrombosis 
Undiagnosed 




Pellagra and malnutrition 
Gonococcal arthritis 
1 lepatic carcinoma 
Obesity 
Di,lbl'tl', nu,llitus 
Pellagra and malnutrition 
Cirrhosis 
Pclla,(ra and malnutrition 
l'l'llagra a11d malirntrition 
Carcinoma uf p,rncreas 
Pellagra and malnutrition 
Cirrhosis 
Tuberculous peritonitis 
l'dlagra and m,tln11trition 
))iabete, rnellitus 
Pellagra and cirrhosis 
I lypertensiun 
Pellagra and malnutrition 















































































































• The discrepancy which sometimes e:1.ists bet\\ecn fT, fl, and fK is due to the fa, l rh ,,t fT al,o takes into cut,-sideration the hemosidcrin deposits i11 the portal triads. 
l'AIILE II 
Correlation of mea11 serum iron levels and degree of hepat,c .rnleros,s 
&rum iron, µ(./ /{}Ii ml. 
Stan<lar'1 
Number of dcviati,Jn Dt-srtt of aiderosis• subjects Mean Range of mean 
- - - --·---
A. In liver cells (fL) 
Oand ± 7 146.3 64-2-14 22.4 
+to+++ 20 258.8 60 -!90 25.9 
R. In Kupffer cells (fK) 
Oand ± 10 147.3 60 264 21.8 
+to+++ 17 278.1 123 490 26.4 
C. I a total liver (fT) 
Oand ± 10 147.3 60-264 21.8 
+to+++ 17 278.1 123-490 26.4 
• 0 = No hemosiderin deposits present. ± = Minimal hemosiderin deposits. + to + + + hemosiderin deposits. 






.!\t ild to severe 
SERUM IRON LEVELS AND HEPATIC SIDEROSIS 1725 
of the iron deficiency type present. In this sub-
ject the serum iron level was 64 p.g. initially at the 
time of the biopsy and hemosiderin was not demon-
strated in the liver. When the degree of siderosis 
was doubtful (plus-minus), the serum iron levels 
were variable. 
CONCLUSIONS 
These findings indicate that high serum iron 
levels in hospital practice in this region are indi::a-
tive of increased hemosiderin deposition in the 
liver of patients who are not suffering from dis-
orders liable to cause elevation of the serum iron 
levels such as hepatitis, hemolytic anemia, and 
pernicious anemia in relapse. Occasionally, how-
ever, normal serum iron levels may be observed 
in cases with well marked siderosis. In two of the 
three siderotic cases with normal serum iron levels 
in the present series, the patients were seriously 
ill with advanced neoplastic disease. In view of 
the findings by Finch and Finch ( 5) that serum 
iron levels may fall in patients with hemochroma-
tosis who develop liver carcinoma or severe in-
fection. the probability that the normal serum iron 
levels in these two patients may be due to con-
comitant neoplasia must be considered 
The data are insufficient to permit ... . conclu-
sions regarding the probability of a low serum 
iron level being found in a siderotic liver. 
SUMMARY 
Serum iron levels and the severity of siderm, . .., 
as dete. mined by liver biopsy · ~rt ~01 !le. d in a 
series of 26 South African Bantu adults and one 
child derived from a population known to be 
habituated to an excessively high iron intake. 
The correlation between mean serum iron levels 
and the degree of siderosis was highly significant 
if the patients were divided into groups with and 
without significant hepatic deposits. There was. 
however, no correlation between the serum iron 
levels and the severity of siderosis once significant 
iron deposition was present in the liver. 
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CORRECTION OF HAEMATOLOGICAL DATA FOR ALTITUDE 
Srn,-I would like to refer to Dr. H. Lehmann's abstract (Trop. Dis. Bull. 1956, 53, 356) of a paper by Demaeyer, Chardome and Peel, entitled " Examination for parasites and variations in serum protein as functions of altitude, in Africans of the Katana-Lwiro area" (Ann. Soc. beige Med. trop. 1955, 35, 293). 
Dr. Lehmann's abstract serves to focus attention on the present unsatisfactory state of knowledge concerning the precise alterations in blood values which occur with changes in altitude. The fact that haemoglobin concentration, haematocrit reading, and red cell count, rise with increase in altitude is not in dispute, but the lack of exact information is well reflected in the scant references made to the subject in standard textbooks on haematology. The reason for this neglect is not clear, when it is borne in mind that a by no means insignificant proportion of the world's population dwell at altitudes well above sea-level, particularly in India, China, and Africa. 
In Johannesburg (5,700 ft. above sea-level), not to speak of the extensive highlands occupying much of Southern Africa, the subject of correction of values is particularly apposite. I am not a haematologist ; nevertheless, blood data on the Bantu, with the varying degrees of malnutrition and parasitism prevailing, are naturally of great interest to many of us who are engaged in investigating biochemical and metabolic problems on these people. The subject takes on added interest in view of their excessively high iron intake, which approaches and occasionally exceeds 200 mg. per diem (Walker, A. R. P., and Arvidsson, U.B. Transactions, 1953, 47, 536). In the absence of knowledge of normal values for every 1,000 ft. rise in altitude, some means of calculating values to sea-level is indispensable for comparative purposes. 
Before considering the quantitative side of the problem, some of the uncertainties in our knowledge should be appreciated. Thus -
(1) Is it valid to apply correction factors equally to all types of subjects - infants, children, men, women (pregnant and non-pregnant), and aged people ? 
(2) With rise in altitude, are the relevant changes regularly proportional? And if this is the case, up to what altitude is this valid ? 
(3) Are correction factors applicable to groups of subjects only, or also to individuals ? 
(4) Regarding the time factor, is the adaptation to changes in altitude regular or irregular?-does it take days, weeks, or months to reach a steady state ? 
At this Institute, the following Table is used which provides data on normal haematolo-gical values for White adults at the altitude of the Witwatersrand (5,700 ft.). The data are those reported by Dr. H. I. Lurie (Quart. J. exp. Physiol. 1945, 33, 91). Normal values at sea-level are also given. 
Haemoglobin. The following Table indicates increases of 2.1 and 1.8 per cent. per 1,000 ft. for men and women respectively. Fitzgerald's Law allows for a rise of 10 per cent. in haemoglobin concentration per 100 mm. change in barometric pressure. The mean pressure in Johannesburg is about 625 mm., hence the rise per 1,000 ft. is approximately 2.4 per cent. The correction is greater than that derived from the Table, but I have used the 




TABLE. Hamaetological data at sea-level a
nd at the altitude of the Witwatersrand. 
Haemoglobin g./%blood Males Females 
Witwatersrand 





4.87-5.6-6.31 4.2-5 .0--5. 71 
Sea-level 






The three figures given in a line signify, th
e first the lower limit of a 95 per cent. range, the
 second 
the mean, and the third the upper limit of
 the 95 per cent. range. 
Fitzgerald factor in a number of publication
s, preferring that my values corrected to s
ea-
level are unfavourably biased, rather than t
he reverse. It is clear that the factors giv
en 
are not applicable at very high aititudes, 
as is indicated in certain studies quoted 
in 
Lurie's paper. 
Red Cell Count. Mean values given in the
 Table are very similar to those reported 
for Indian adults at a similar altitude (Da G
upta, C. R., Indian med. Gaz., 1952, 87, 95)
, 
namely, 5.49 and 5.02 millions per c.mm
. for males and females respectively. Oth
er 
comparable Indian studies give lower values
. According to the Table, the rise in red c
ell 
count is approximately 0.70 per cent. per 1000
 ft. This figure is considerably lower than th
at 
indicated in the figures given in the example
 cited by Dr. Lehmann, which shows an alm
ost 
5 per cent. change per 1,000 ft. 
Haematocrit. According to the Table, the 
elevation in packed cell volume is about 
1.1 per cent. per 1,000 ft. rise in altitude. The
 mean values cited are proportionally in harmo
ny 
with data given for White adults at Salt Lake C
ity, which is 4,250 ft. above sea-level (Wintrob
e, 
M. M. Clinical Haematology, 3rd. Ed. Lond
on: Kimpton, 1951). 
Briefly, then, it would seem that with incre
asing altitude, elevations in haemoglobin 
concentration are appreciable, while elevatio
ns in haematocrit readings and red cell cou
nt, 
particularly the latter, are slight. 
As noted before, the reason for the lack of 
satisfactory data in this field is not clear, 
although it is highly probable that valuable da
ta are already at hand, but remain unpublishe
d. 
In the light of the foregoing, provided one is
 aware of the limitations and uncertainties 
attached to correction factors, it is consider
ed that their present use is certainly justifie
d, 
at least at altitudes several thousand feet ab
ove sea-level. 
The letter is published with the permission 
of the South African Council for Scientific 
and Industrial Research. 
South African Institute for Medical Research
, 
Johannesburg. 
14th July, 1956. 
A. R. p. w ALKER. 
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SERUM IRON AND IRON-BINDING CAPACITY IN THE BANTU 
TH. GERRITSEN, D. PHIL. (UTRECHT) AND A. R. P. WALKER, PH. D . (CAPE TOWN) 
Human Biochemistry Unit 
South African Institute for Medical Research, Johannesburg 
South African Council for Scientific and Industrial Research 
The iron metabolism picture of the South African Bantu 
is unusually interesting for the following reasons: (I) Their 
iron intake is often very high, sometimes as much as 
200 mg. per diem, derived not only from the element 
present in their customary diet, but also from adventitious 
iron taken up from iron utensils during the preparation of 
food.1 (2) At necropsy, excessive deposition of :iron 
(siderosis) is frequently seen in the tissues of adult 
Bantu.2, 3, 4 (3) Hypochromic anaemia is extremely rare.5 
(4) Abnormally high serum iron (S.1.) levels have been 
reported among Bechuana Bantu.s 
Briefly, our desire is to find out whether there is any 
correlation between iron intake, certain blood values---S.I., 
total iron-binding capacity (T.I.B.C.) and haemoglobin 
concentration (Hb.)-and the incidence of siderosis in 
various Bantu groups. If such a correlation exists it would 
permit the presence of siderosis to be determined in living 
people of all age groups, and thus facilitate the investiga-
tion of the geographical distribution of the phenomenon. 
This approach would be a considerable advantage, since 
obviously determination of the distribution by obtaining 
liver biopsies, or the use of visceratomes as suggested by 
Davies and Trowell ,7 is not justifiable. 
Kooyman s has stated that high S.I. does not necessarily 
correlate with high iron stores. But no S.I. investigations 
have yet been undertaken on patients who have had their 
total iron stores determined at necropsy. In advanced 
haemochromatosis and transfusional siderosis, iron stores 
are known to be very high.9, 10• 11 In these diseases, an 
increased S.I. is usually observed, and as the T.I.B.C. 
remains normal, saturation almost complete, or complete, 
of the iron-binding protein in the serum (called transferrin 
by Laurell 12) is found.13, 14 
Abnormal deposition of iron in the tissues of the Bantu 
is known to reach levels at least as high as in the two 
diseases mentioned.3, 9, 10, 1t From a priori considerations, 
one would anticipate that elevated S.I. and saturation levels 
would be observed among these people; however, no 
alterations would be expected in T .LB.C. Determination 
and discussion of these values in the Bantu, some of which 
have been summarized briefly elsewhere,1" form the sub-
stance of this paper. 
MATERIALS 
The majority of our subjects were newly recruited Bantu 
mine labourers, accepted as medically fit; they were 
investigated immediately upon arrival at the Witwatersrand 
Native Labour Association Headquarters in Johannesburg. 
They came from Northern Transvaal (Bapedi, 14), 
Pondoland (21), Swaziland (12), Tanganyika (12), 
Basutoland (12), Zululand (12), Mozambique (44), Angola 
(12) and Nyasaland (12). Their ages were from 17 to 40 
years. There was also an adult male group from the 
Johannesburg area (14), composed of 12 out-patients, 
attending the non-European Department of the Johannes-
burg Hospital, and 2 subjects working at this Institute. 
To obtain ' normal average · values (see Discussion) for 
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comparison with the Bantu results, 15 European subjects, 
9 men and 6 women, from this Institute, whose ages 
ranged from 21 to 56 years, were investigated. Twenty-
three Bantu women were also studied, this group being 
comprised of 9 nurses from the Baragwanath non-
European Hospital at Johannesburg, and 14 out-patients 
from the same hospital or from the non-European 
Department of the Johannesburg Hospital, who had had 
minor surgical treatment. Their ages ranged from 18 to 
56 years. 
METHODS 
Bloods were collected by venipuncture between 9 a.m. and 
10.30 a.m. Specially cleaned and greased 20 ml. syringes 
were used. These and all other glassware were thoroughly 
cleaned to avoid iron contamination. 
S.I. determinations were carried out using the 
thioglycollic acid method 16; a Hilger Spekker absorptio-
meter (llford Filter 603) was employed for the colorimetric 
measurements. 
Iron-binding capacity (1.B.C.) was determined by the 
method of Rath and Finch.13 The T.I.B.C. was calculated 
by adding the S.l . value to the I.B.C.; the percentage 
saturation was obtained by dividing S.I. x 100 by the 
T .I.B.C. 
When the amount of serum was sufficient (about 75 % 
of cases), determinations were done in duplicate. The 
average difference between duplicates in S.I. determina-
tions was Sy/ 100 ml. serum; for I.B.C. this figure was l 5y. 
Hb. determinations were carried out by the oxyhae-
moglobin method ; for the colorimetric measurements a 
Hilger Spekker absorptiometer (Ilford Filter 602) was 
used, the instrument being standardized by determinations 
of total iron in blood. 
RESULTS 
The results are tabulated as follows. Table I gives the 
values for European men and women. As it would require 
too much space to give all Bantu results in detail,* only the 
values for the Pondos and the Nyasis, being examples of a 
group with low average values and with high average 
values, respectively, are given in Tables 2 and 3. In Table 
4 are given means, standard deviations, and ratios to the 
'normal average' values, for S.I ., T.l.B.C., and percentage 
iron saturation for all groups investigated. Table 6 gives 
Hb. values for the various adult male groups. 
DISCUSSION 
Many workers appear to be unaware of the wide range 
in S. 1. level. which obviously must be borne in mind in 
interpreting results in this field. As H0yer pointed out in 
1944,li any individual can have an enormous variation 
in S.I., not only in the course of the day, but also on 
different days. He considers that daily differences of up 
to 60y per 100 ml. serum must be regarded as normal. On 
this account we maintain that a single S.T. determination 
* Detailed results are available on request. 
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TABLE I 
Serum iron, total iron-binding capacity, and percentage iron 
saturation in European subjects. 
No. Sex S.I. T.I.B.C. % sat. 
y/ 100 ml. y/ lOOml. 
--- ------------------------
I f 105 345 30 
2 f 185 365 51 
3 f 130 410 32 
4 f 90 270 33 
5 f 90 260 35 
6 f 70 355 28 
---------------------------
Average f 112 334 35 
---------------------------
7 m 125 380 33 
8 m 155 335 46 
9 m 70 295 24 
10 m 110 330 33 
II m 110 380 29 
12 m 95 320 30 
13 m 100 300 33 
14 m 120 320 37 
15 m 145 360 40 
----- -----------
Average m 114 335 34 
--------------------------
Total Average . . 113 335 34 
TABLE 2 
Serum iron, total iron-binding capacity, percentage iron 
saturation and haemoglobin values in Bantu men from 
Pondoland. 
No. S.I. T.l.B.C. % sat. Hb. 
y;I OO ml. y/100 ml. g. % 
---------------------------
I 30 315 10 18 ·7 
2 155 380 41 18 ·8 
3 95 345 27 16 ·6 
4 70 320 22 17 ·4 
5 200 465 43 15 ·8 
6 20 255 8 18 ·0 
7 15 225 7 17 ·8 
8 130 375 35 17·4 
9 145 405 36 16 ·6 
10 80 360 22 16 ·9 
II 85 285 30 17 ·2 
12 165 435 38 17 ·9 
13 120 340 35 18·0 
14 40 285 14 17·8 
15 210 275 76 16 ·5 
16 25 365 7 17 · 2 
17 35 325 II 17·2 
18 65 355 18 16 ·5 
19 195 350 56 21 · 5 
20 110 320 34 16 ·4 
21 100 325 31 18·2 
---------- - - ---------------
Average 100 338 29 17·6 
on a patient is of very little value. Only an average for 
a group is informative, and even in this respect, one is 
only entitled to regard a difference between 2 groups as 
being significant when blood samples are taken at the 
sari1e time of the day. All our blood samples were 
collected between 9.0 a.m. and 10.30 a.m. 
In our comparatively small group of Europeans (6 men 
. and 9 women) we found no difference between average 
values for the 2 sexes, for S.I., T.I.B.C. and percentage 
saturation. Pirrie,18 however, who has reviewed the 
literature on this subject up to 1952, reported that 8 out of 
TABLE 3 
Serum iron, total iron-binding capacity, percentage iron 
saturation and haemoglobin values in Bantu men from 
Nyasaland. 
No. S. I. T.I.B.C. ~;,; sat. Hb. 
y 1100 1111. y/1 00 ml. g. % 
----------- ----------- --- ----
I 530 790 67 18·9 
2 175 500 35 18 ·7 
3 340 640 53 18·2 
4 550 590 93 18·2 
5 260 450 58 -
6 155 395 39 18·6 
7 430 830 52 18 · 5 
8 290 600 48 17 ·4 
9 380 520 73 17 ·8 
IO 370 480 77 18· 5 
II 320 510 63 18 · 7 
12 520 780 67 19· l 
----------- -------------- ---
Average 360 591 60 18 ·4 
10 groups of workers found a significant difference in 
S.l. between values for males and females. Only 
Cartwright and Wintrobe, investigating an American 
group,19 and Brnchner-Mortensen and Olsen,20 studying 
a Scandinavian group, found the difference in S.l . too 
small to be significant. Hence, our ' normal average • 
figures, which we require for statistical comparison with 
Bantu data, include both European males and females. 
As mentioned previously, in advanced baemochroma-
tosis and transfusional siderosis, where iron stores 
are known to be large, saturation of the transferrin is 
usual, i.e. the S.l. level increases up to the T.LB.C. value, 
which, however, remains unaltered . The T.I.B.C. is 
reported to rise only in late pregnancy (observed in 
Bantu 2 l as well as in European 22 , 23 subjects), and possibly 
in patients suffering from iron-deficiency anaemia.rn We 
found elevated S.l. values in 5 groups, viz. from the 
Johannesburg area, Zululand, Mozambique, Angola, and 
Nyasaland (see Tables 4 and 5); and surprisingly the 
T.LB.C. showed significant elevations in the last 3 groups. 
Further, in no case was 100% saturation of the transferrin 
found. This picture, then, of elevated T.I.B.C. values and 
unsaturation of the transferrin, constitutes a salient point 
of difference between what is observed in the Bantu and 
what occurs in advanced haemochromatosis and trans-
(usional siderosis. 
As we have already ,reported,15 in 2 tribal groups 
(Pondos and Bapedi) we found some very low S.I. values 
(see Table 2, subjects No. I , 6, 7, 14, 16 and 17). The Bantu 
concerned, however, had normal or even high Hb. levels. 
Although low values are occasionally associated with iron-
deficency anaemia, 13 evidently this was not the case with 
these subjects. 
In considering the Hb. values (Table 6) it must be borne 
in mind, firstly, that the altitude of the Witwatersrand is 
5,000 to 6,000 feet; and secondly, that our subjects came 
from mainly lower-lying regions. Among all Bantu 
examined, who, incidently, were wholly unselected from 
very large groups, not one subject was anaemic. No 
correlation was apparent between S.I. and Hb., and 
between T.I.B.C. and Hb. The values obtained in this 
series, and on further subjects, will be discussed in a 
subsequent paper. 
11 Julie 1953 S.A. TYDSKRIF VIR GENEESKUNDE 579 
The question arises as to how far the information 
gained in this investigation fulfils the aims set out in the 
introduction. With regard to iron intake, we have only 
the information given by the subjects themselves, and this 
information largely dealt with whether iron or clay pots, 
or both are used for the preparation of foods. The 
Angola group maintained that they were fond of 
fermented cereal products, and consumed much of these, 
and that iron vessels were commonly used for their 
preparation; these people gave very high values for S.I. 
and T.I.B.C. On the other hand, the Nyasis assured us 
that iron pots were not used, yet this group has the 
highest S.I. and T.I.B.C. values yet reported in the 
literature. Until more accurate information is available 
on actual iron intakes, no attempt can be made to deter-
mine whether a correlation exists between iron intake and 
the above serum values. 
Next, in regard to serum values and the presence of 
abnormally high iron stores, there is ample evidence that 
about half of the Bantu males coming to necropsy in 
Johannesburg show abnormally high iron deposits in the 
viscera.3, 4 In this respect our group of 14 Johannesburg 
males gave a significantly elevated average S.I. value. On 
the other hand, Strachan found siderosis to be very 
common among the Basuto,2 yet our average value for 
Basuto males was only 123y per 100 ml. serum. 
From these considerations two points are apparent. 
Firstly, to obtain accurate data on the habitual iron intake 
of regional Bantu groups it is essential to visit them, to 
study local dietary habits, to collect samples of prepared 
foodstuffs, and, whenever possible, to determine iron 
concentration on post-mortem material. It appears 
essential, moreover, to undertake determination of S.I. 
and T.1.B.C. on such people in the field. This latter 
point arises from the fact that we have found differences 
in average S.I. values in Swazi mine labourers examined 
in Johannesburg, and Swazi adult males examined in 
Swaziland. On this account, we can not be certain that 
our tribal groups of mine labourers are representative of 
the corresponding population of their regions of origin. 
Ct is certainly conceivable that a component as labile as 
S.I. can be markedly affected by dietary and other changes 
occurring between the time of leaving home and being 
examined in Johannesburg-sometimes a matter of days. 
TABLE 4 
Means, standard deviations, ranges, and ratios to 'normal average' European values, of serum iron, total iron-binding capacity and percentage iron saturation in the Bantu groups investigated. 
Tora/ iron-binding capacity 
Serum iron (y per I 00 111/.) ( y per I 00 ml.) % iron saturation Group Area --- - --- - - - -
- No. of I No. of mean values ratio* No. of mean value ratio* mean value ratio* subjects and range subjects and range subjects and range - -- ---European men 
and women 15 113 ± 31 - 15 335 ± 42 - 15 34 ± 7 -(70- 185) (260--410) (25-51) 
Bantu women Johannesburg 20 129 ± 39 I · I 17 336 ± 56 1 ·0 17 37 ± 7 l·I area (60- 215) (240-435) (25- 50) 
Bantu men Johannesburg 14 229 ± 77 2 ·0 14 385 ± 49 1 ·2 14 59 ::! 16 1 ·7 area (110- 380) (320- 475) (34- 92) 
" " 
N. Transvaal 14 98 ± 46 0·9 14 378 ± 62 I"· I 14 26 ± 13 0 · 8 (Bapedi) (35- 225) (285--475) (11 - 61) 
" " 
Pondoland 21 100 ± 62 0·9 21 338 ± 57 1 · 0 21 29 ± 17 0·9 (15- 210) (225--465) (7- 76) 
" " 
Swaziland 12 110 ± 43 l ·O 12 345 ± 34 1 ·0 12 32 ± 13 0·9 (50- 185) (305--410) (16- 55) 
" " 
Tanganyika 12 120 ± 43 ! · I 12 411 ± 85 I · 2 12 29 -J 7 0·8 (65- 225) (240-590) • (21 - 42) 
" " 
Basutoland 12 123 ± 23 1· 1 12 309 ± 48 0·9 12 40 ± 7 l · 2 (90- 155) (270- 400) (28- 52) .. " Zululand 12 158 :l: 48 I ·4 12 400 ± 44 1 · 2 12 39 ± 10 l · I (110-260) (335--465) (27-56) 
" " 
Mozambique 44 264 ± 94 2 · 3 19 450 ± 56 I · 3 19 56 ± 13 1 ·6 (110-490) (375- 575) (38-80) 
" " 
Angola 12 294 :±- 95 2·6 II 559 ± 76 I · 7 II 54 ± 12 1 ·6 (160--445) (430-680) (39- 74) 
" " 
1'yasaland 12 360 ± 124 3· 2 12 591 ± 142 1 · 8 12 60 t 16 I ·8 (155- 550) (395- 830) (35- 93) 
• Ratio obtained by dividing the value concerned by the mean value for the European group. 
. -
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TABLE 5 
Significances of differences* in serum iron, total iron-binding 
capacity and percentage iron saturation, between the ' normal 
average' European group and to groups of male adult Bantu. 
Percentage 
Group from S.I. T.I.B. C. iron 
saturation. 
---------------
Johannesburg area P < O·OI not sigrif. P < O·OOI 





P < O·Ol Zululand 
p'< O·OOI p'< O·OOl Mozambique P < O·Ol 
Angola P < O·Ol P < O·OOl P < O·OOI 
Nyasaland P < O·OOl P < O·OOl P < 0 ·001 
• The statistical calculations have been done according to 
Fisher, R.A., Statistical Methods for Research Workers, 
London (1948). 
TABLE 6 
Haemoglobin values (means and ranges) for the various adult 
Bantu groups. 
Group 
Women, Johannesburg area .. 
Men, Johannesburg area 
(Bapedi) N. Transvaa l 
Pondoland 




















Range Hb . 
g. % 
12 ·0- 17 ·6 
15 ·0- 18 · 5 
15 ·5- 18 ·7 
15 ·8- 21 ·5 
15 ·2- -18·6 
15·2- 19 ·4 
14 · 1- 17 ·3 
15·3- 18·4 
11 ·2-19 ·4 
15 ·9- 19·4 
17·4- 19·1 
This aspect is being investigated further. The second 
point is that it is impossible to determine whether a direct 
correlation exists between serum values and siderosis, 
until we are able to undertake determination of S.I. values 
on Bantu known from liver biopsy studies to be siderotic. 
We are slowly accumulating data gained in the field on 
iron intake and serum values, and these will be presented 
in a further publication. We have also commenced to 
determine serum values in Bantu patients who have had 
liver biopsies carried out for diagnostic purposes; such 
information will necessarily take a long time to collect, 
since it can be gain~d only as opportunity offers. 
Finally, we consider that our finding of elevated serum 
values in various Bantu groups provides a further aspect 
of abnormality in the iron metabolism picture of these 
people. The extent to which this aspect and the other 
aspects mentioned in the introduction are inter-related is 
not yet established. 
SUMMARY 
The iron metabolism picture in the Bantu is interesting 
on account of their unusually high iron intake, the frequent 
occurrence of siderosis, the rarity of hypochromic 
anaemia, and the elevations of serum iron levels and total 
iron-binding capacity which are occasionally observed. 
This paper deals with levels of serum iron, total iron-
binding capacity, and haemoglobin, in groups of young 
adult Bantu mine labourers from different regions in 
Southern Africa. In some groups, values for serum iron 
a re higher than any yet reported, including the high 
values very frequently found in diseases such as 
haemochromatosis and tra nsfusional siderosis. Also, in 
certain groups, elevations of total iron-binding capacity 
have been found, an unusual and unexpected finding. 
The latter observation , associated with unsaturation of the 
iron-binding protein in the serum, constitute a salient 
difference between what is observed in some Bantu, and 
in the two diseases mentioned. An interesting finding is 
the high average Hb. level for all groups studied. 
Present knowledge is inadequate to allow us to deter-
mine whether a correlation exists between abnormally high 
values in the serum, a nd (a) habitual level of iron intake, 
and (b) incidence of siderosis. 
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Haemoglobin Production in Grossly Undernourished 
African Bantu 
[Tn the Editor nf ,the BRITISH MEDICAL Jo RNAL] 
S1R,- From a comprehensive review of haemopoiesis in 
gross undernutrition, Keys and co-workers' concluded: 
" The evidence is overwhelming that anaemia develops dur-
ing prolonged periods of caloric restriction, and the degree 
of anaemia appears to be related to the extent of the starva-
tion. The anaemia ... is not of the iron deficiency type." 
Jn the M.R.C. publication on Studies of Undernutrition, 
Wuppertal, 1946-9, Sherlock and Walshe' noted diminished 
blood volumes and low concentrations of haemoglobin, with 
deposition of iron in certain organs. They stated : " Since 
the haemog]obin in the blood stream is below normal levels, 
it is uncertain why the stored iron is not used for the manu-
facture of new haemoglobin. It has been suggested that 
the intake of dietary protein may be too low to allow the 
production of sufficient globin, but there is no concrete 
proof of this." 
In the adult South African Bantu the iron picture is 
characterized by extremely high iron intakes (as much as 
200 mg. per day), by elevated values for serum iron and 
total iron binding capacity, and by excessive deposition of 
the element in the viscera and other tissues, such deposition 
being present in about half of the urban adults examined 
at necropsy.' An interesting question thus arises regarding 
the haemoglobin levels of Bantu adults when grossly mal-
nourished or undernourished. Do the high iron reserves act 
as a " brake " on the depression of values to be expected 
from severe deprivation of calories and other nutrients ? 
Or, since the anaemia of undernutrition is not believed to 
be of the iron deficiency type, do low haemoglobin levels 
occ.ur despite iron "overload" ? To throw light on this 
issue, records were examined of 35 men and 21 women. 
these subjects being among the most severely undernourished 
and malnourished patients (25-50 % under-weight) seen at 
Baragwanatb Non-European Hospital (1,350 beds) during the 
last three-year period. Among these patients " pure " under-
nutrition was rare ; three quarters were suffering from 
pellagra. Mean haemoglobin values, standard deviations, and 
ranges, after correction for the altitude of 'Johannesburi 




(5,700 ft.-1 ,740 m.), for the 35 men were 12.1 ± 1.2, range 7.0-
15.2 g. % ; 37 % of the patients had values of 14.0 g. '}'c,, ormore; 
for the 21 women, l t .1 ± 0.8, range 6.0-15.2 g. % ; 48% of 
the patients had values of 12.0 g. % or more. Mean values 
are certainly higher than would be expected from the patients' 
clinical state. Thus, under the special dietary conditions 
which cause iron reserves to be unduly high, severe dietary 
privation need not lead to unduly low haemoglobin levels. 
In more than a third of the patients haemoglobin values 
lay within normal limits ; hence one of two alternatives 
would appear to be valid. Either the present importance 
attached to haemopoietic factors other than iron is exag-
gerated, or the amounts of the other factors required are 
smaller than is usually believed, because they must have 
been contained in sufficient amounts in the Bantu patients' 
meagre diet, which had been consumed in most cases for • · 
several months previously. Details of this and related 
studies will be published elsewhere.-! am, etc., 
Johannesburg. A . R. P. WALKER. 
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Research, Johannesburg, and the South African Council for Scientific 
and Industrial Research 
Haemoglobin concentration is often regarded as a useful criterion in the 
assessment of nutritional state. 1 The correlation, however, is not in-
variable, one important exception occurring when there is a high intake 
of iron, whether administered therapeutically, prophylactically, or in-
voluntarily, as with the South African Bantu, whose habitual diet is 
exceptionally rich in iron. 2 • 3 The purpose of this paper is to present and 
discuss evidence bearing on high iron intake, haemoglobin concentration, 
and nutritional state, with particular reference to local studies undertaken 
on the Bantu. Before describing these studies, the chief features of their 
iron-metabolism picture will be mentioned. Briefly (I) The iron intake is 
often unusually high, sometimes as much as 200 mg. per diem. It is derived 
not only from the element present originally in their customary diet, but 
mainly from adventitious iron taken up from iron utensils during the 
preparation of food, particularly acid fermented cereal products 
(pH 2- 3). 2 • 3 (2) Abnormally high values for serum iron are occasionally 
encountered in adults. 4 Our studies have revealed individual values for 
serum iron and total iron-binding capacity higher than any reported in 
the literature, including values occurring in idiopathic haemochromatosis 
and transfusional siderosis. 5 • 6 (3) Hypochromic anaemia is extremely 
rare. 7 ( 4) At necropsy, abnormal deposition of iron is frequently seen in 
the tissues of adult Bantu: as much as 10 and 5% iron (dry weight) have 
been found in spleens and livers respectively. 8- 10 
;· The studies carried out on the Bantu will now be presented. 
MATERIAL AND METHODS 
Subjects: Adult Males (Table 1). 
Bantu mine workers. Groups I-III were Bantu mine workers who had 
come from various regions in Southern Africa. They were aged 18-40 
years, and were medically fit; this state, however, must not be taken to 
imply freedom from venereal infection or parasitic infestation. They were 
known to be or suspected of being used to a high iron intake. They were 
examined at the Witwatersrand Native Labour Association Headquarters 
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in Johannesburg, the clearing station through which pass over 300,000 
workers annually before proceeding to the different mining centres. 
Group I was comprised of a mixture of tribal types. Values on these 
subjects were determined in the course of serum iron studies. 5 • 6 
Group-JI subjects, Barotse from Northern Rhodesia, came from an 
area where hookworm infestation is severe and widespread. Workers 
were exami11ed during an investigation for quantitative data on blood 
luss and worm load in ancylostomiasis by means of a radio-active iron 
method. 11 
Group-HI subjects, Shangaans from the border of Portuguese East 
Africa and Eastern Transvaal, were examined mainly during an investiga-
tion to determine blood loss and egg load in intestinal bilharzia (schistoso-
miasis mansoni). 1 2 A sub-group of Shangaans (not the same individuals) 
were examined after 15 months' service. 
Bantu farm labourers. Group IV was composed of Shangaans who were 
investigated in a study parallel to the previous one (Group III). 12 Their 
blood was sampled in their home area in the valley of the Crocodile 
River in Eastern Transvaal, a region where 100 % infestation with both 
forms of bilharzia, S. haematobium and mansoni, occurs.1 3 Detailed 
clinical data on these subjects were not available. 
Grossly malnourished hospitalized Bantu men. Group V included men 
admitted to Baragwanath Non-European Hospital (1,350 beds), near 
Johannesburg, suffering from gross malnutrition and, usually, pellagra. 
Full clinical and biochemical data were available. 13a All subjects came 
from areas where a high iron intake was common. 
Subjects: Adult Females (Table II). 
Bantu farm labourers. These subjects, Group I, corresponded to 
Group-IV adult males. 
Peri-urban Bantu women, pregnant and non-pregnant. These subjects 
(Group II) had been investigated to learn of the effect of habitually high 
iron intake on certain blood values in pregnancy. 14 Detailed clinical data 
were not available. 
Grossly malnourished hospitalized Bantu women. These patients, 
Group ITT, corresponded to Group-V hospitalized men. 13a 
Healthy Bantu women. Group IV were healthy hospital nurses, full 
clinical and biochemical data being available. Approximately half were 
recruited locally, and the remainder were from different parts of the 
Union. They were divided into 2 sub-groups, those whose haemoglobin 
level had been determined on joining the staff, and a different series of 
nurses examined after at least a year's service. 1 5 All had come from areas 
where a high iron intake is known to be common. 
Diet 
Speaking generally, the staple sources of calories among the Bantu 
of Southern Africa are maize, wheat and, in certain areas, 'kaffir corn' 
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(sorghum), together with small amounts of legumes such as 'cow peas' 
(Vigna unguiculata), 'sugar beans' (Phaseolus vulgaris), and 'Jugo beans' 
(Voandzeia subterranea). Small, though very variable amounts of 
meat, milk, fruit and vegetables and sugar, are also consumed. The 
principal traditional drinks are 'marewu' and kaffir beer; these are fer-
mented cereal preparations, consumed in large amounts, sometimes daily. 
Speaking generally, the diet is usually satisfactory in energy value (except 
occasionally between harvests for the rural dwellers), possibly adequate 
in gross protein, though low in animal protein, and low in fat. As noted 
previously, the iron intake is abnormally high, occasionally exce~ding 
200 mg, per diem. 2 , a 
Method of Haemoglobin Determination 
In all cases, values were determined on venous blood by the oxy-
haemoglobin method, using a Hilger Spekker Spectrophotometer (llford 
filter 602) calibrated against total iron determinations in blood. 
RESULTS 
The results are summarized in Tables I and II. 
DISCUSSION 
Comments on experimental observations 
Bantu mine labourers. Bloods from Groups I-III subjects were with-
drawn and examined in Johannesburg, the altitude of which is higher than 
the regions of origin of the subjects. Since bloods were taken immediately 
after arrival it is doubted whether the haemoglobin values found differ 
significantly from those obtaining at their home level. The averages for 
these medically-fit groups compare satisfactorily with the overseas m~an 
value cited for healthy subjects. Among the Barotse examined (Group 11), 
hookworm was common; the haemoglobin concentrations thus contrast 
with the low values so frequently noted in another hookworm area-
Uganda-where hypochromic anaemia is very common, but where the 
iron intake is not unusually high. 19 • 20 It will be observed that, after 
correcting for altitude, the mean haemoglobin value for the Shangaans 
(Group III) upon starting work on the gold mines did not differ signific-
antly from the mean value found for another group of similar subjects 
15 months later. Evidently, haemoglobin concentration was such that 
it could not be improved by the excellent diet provided by the mines. 
Bantu farm workers. The clinical state of these workers was not known. 
However, in a few individuals who clinically appeared to be unusually 
healthy, or who seemed to be not enjoying good health, observations 
revealed no correlation between such impressions and subject's haemo-
globin level. Mean values are satisfactory despite 100 % bilharzia[ 
infestation. 
Pregnant Bantu women. These subjects, with their involuntary iron 
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prophylaxis, showed no fall in haemoglobin concentration as pregnancy 
progressed, in contrast to the depression normally observed.1 8 Adequate 
clinical data were not available, but in a few women considered by the 
clinic medical officer to be enjoying good health, or to be displaying 
various stigmata of malnutrition, state of health showed no correlation 
with haemoglobin level. 
Grossly malnourished hospitalized Bantu adults. The mean haemoglobin 
concentration of the sick men (after correcting for altitude), namely 
13 · I g. %, lies below normal limits, i.e., I 4-16 g. %. The corrected value 
for the sick women, namely 12 · l g. %, lies within normal limits, i.e. , 
l 2-14 g. %. Both means, of course, are significantly less than the corres-
ponding values for medically-fit Bantu mine-workers (Group III, Table I), 
and the healthy Bantu nurses (Group IV, Table II) respectively. 
The salient finding is that the macrocytic anaemia which is so 
frequently a feature of malnutrition and undernutrition, 21 and the 
anaemia so often seen in pellagra, 1 • 22 • 23 did not characterize the patients. 
From a comprehensive review of haemopoiesis in gross undernutrition, 
Keys and his co-workers21 concluded: 'The evidence is overwhelming 
that anaemia develops during prolonged periods of calorie restriction, 
and the degree of anaemia appears to be related to the extent of the 
starvation. The anaemia . . . is not of the iron-deficiency type' . The picture 
presented by these Bantu thus stands in marked contrast to that observed 
in other people in a like condition of severe undernutrition and mal-
nutrition. Thus during the last war, in European 21 • 24, and also Japanese, 25 
groups of subjects it was reported that very low haemoglobin levels 
occurred, although there was deposition of haemosiderin in liver, spleen, 
and other organs ; the explanation given is that the iron pigment deposited 
indicated the excess of the element ( derived from haemolysis) over require-
ment. Sherlock and Walsh, 24 noting this phenomenon in undernourished 
German subjects in the M.R.C. Wuppertal investigation, commented, 
'Since the haemoglobin in the blood stream is below normal levels, it is 
uncertain why the stored iron is not used in the manufacture of new 
haemoglobin. It has been suggested that the intake of dietary protein 
may be too low to allow for the production of sufficient globulin, but there 
is no concrete proof of this' . Evidently, low protein intake was not a 
limiting factor in the case of the Bantu patients described. 
Clinically healthy Bantu men and women. An endeavour was made to 
obtain blood from hospital orderlies and male nurses to compare with 
the sick men group, but this was found to be impossible on account of 
the reluctance of the former to give blood. As with the Shangaans examined 
before and after consuming a good diet, it will be noted that the mean 
value for the Bantu nurses after at least a year of hospital diet was not 
significantly different from that found upon entering hospital. The value 
of this observation, however, is limited by the fact that the nurses examined 
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on starting at the hospital were not all acclimatized to Johannesburg 
altitude. Hence the 2 groups of figures on the nurses are not strictly 
comparable. 
Implications of the above observations 
Knowing the uncertainties latent, not so much in haemoglobin determ-
ination, but in the difficulty of obtaining comparable groups of subjects 
and samples, etc., we do not desire to lay undue stress on the preciseness 
of our values. But our results show clearly that average values for the 
different groups are satisfactory or not unduly low, in spite of (1) consump-
tion of a diet which in many respects do~s not contain the allowances of 
nutrients usually recommended, (2) occasionally gross malnutrition and 
undernutrition, and (3) often intense infestation by parasites, particularly 
hookworm. 
It is apparent that a high iron intake does not necessarily promote 
elevated mean haemoglobin levels in groups of medically fit subjects. 
Such an intake, however, obviously acts as a 'brake' on the reduction 
of levels which would be expected under certain of the dietetic and parasitic 
conditions described. Briefly then, excluding a few very low values of 
obvious pathological origin found among the hospitali~ed men and 
women, it is maintained that for purposes of helping to assess nutritional 
state, no reliance should be placed on haemoglobin values in persons 
habituated to a high iron intake. This conclusion, however, also appears 
to be valid for persons receiving short-term iron medication. 
Iron administration to iron deficient subjects. In Indian and Brazilian 
groups with hypochromic anaemia due to hookworm infestation, it has 
been shown that haemoglobin levels can be largely restOI"ed to within 
normal limits by iron th0rapy alone, without either improvement in the 
diet, or r0moving the parasites from the intestinal tract. 26 • 2 7 In poorly 
nourished Chinese blood donors, hypochromic anaemia has likewise 
bJen prevented by iron therapy only, without improving the diet co-;,_-
sumed. 28 Obviously under such conditions, an elevated haemoglobin 
concentration does not imply a corresponding improvement in nutritional 
state. A further example is afforded by the usual fall in haemoglobin 
concentration occurring in early infancy, which can be prevented by iron 
medication. 29 The observations made on this subject presumably form 
the basis for the recommended allowance of iron during the first year of 
life to be several times higher than that contained in either breast milk 
or the usual cow's milk mixtures. 30 • 31 When marked anaemia is present 
the value of such therapy is undisputed. However, when breast milk 
is adequate in quantity there is no published evidence demonstrating that 
the elevated haemoglobin levels following iron administration are accom-
panied by improvement in nutritional state. 
Iron administration to non-anaemic subjects. In non-anaemic subjects 
whose haemoglobin levels lie within normal limits, a high iron intake can 
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stimulate increased haemoglobin production. This elevation, not invariably 
observed, is found to be usually transient. 
26 • 28 • 
32 • 33 In a particular 
group of subjects, namely non-anaemic white pregnant women, it has 
been found that, as with the Bantu pregnant women cited, 
14 a high iron 
intake stimulates haemoglobin formation, thereby maintaining normal 
values throughout pregnancy, 34 • 35 in contrast to the fall normally 
observed as pregnancy progrcsses.18 In none of these instances can it be 
said that the rise in haemoglobin concentration was paralleled by a like 
improvement in nutritional state. 
Finally, attention is drawn to the point that, whether it be groups of 
parasitized Indians or Brazilians, 26 • 27 or malnourished Chinese,
28 or 
our local Bantu, satisfactory blood production is readily feasible on an 
often inadequate diet provided it be high in iron. For this to occur it must 
be inferred that the other haemopoietic factors, the extrinsic factor, 
vitamins B12 and C, etc., 
18 are supplied in sufficient amounts; alterna-
tively, their importan~e in haemopoiesis must be overestimated. That 
the latter is probably the case is suggested by our observations on the 
severely malnourished hospitalized pellagrins. With their abnormal iron 
reserves a high level of haemoglobin concentration was maintained in 
spite of severe deficiencies of calories, protein and, of course, several 
other essential nutrients. This phenomenon, as previously noted, stands 
in marked contrast to experience elsewhere, where, as Hallgren
36 has 
recently shown from a review of the literature, protein deficiency inter alia 
is particularly liable to promote a macrocytic, or an iron-deficiency, 
anaemia. 
SUMMARY 
The diet of the South African Bantu is excessively rich in iron, mainly 
of adventitious origin. Various investigations have shown that in spite 
of an inadequate diet, sometimes gross malnutrition, and frequent para-
sitization, mean haemoglobin values of different groups of men and women 
lie within or very little below normal limits. Mean values in medically 
fit groups, compared with corresponding White population groups, are 
not invariably elevated, but observations show that the habitually high 
iron intake acts as a 'brake' on the depression of values that is associated 
with adverse dietetic and parasitic conditions. Among these people, 
therefore, no reliance should be placed on haemoglobin values in the 
appraisal of nutritional status. 
This paper is published with the permission of the South African Council for Scientific 
and Industrial Research. For co-operation in the obtaining of samples and data, the 
author and co-workers are indebted to Dr. R. C. Pearson of the Witwatersrand Native 
Labour Association Hospital; Drs. D. H. S. Annecke and R. J. Pitchford of the Union 
Public Health Department, and Dr. S. Wayburne and Dr. R. Cassel of Baragwanath 
Non-European Hospital, Johannesburg. 
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The influence of pregnancy on certain blood 
values (hemoglobin, hematocrit, serum iron, and 
total iron binding capacity) and their significance in 
the "anemia of pregnancy" have been widely in-
vestigated. 
Combined evidence indicates that as pregnancy 
proceeds, a significant fall occurs in levels of he-
moglobin and hematocrit, the explanation being 
that the increase in plasma volume exceeds the 
total increases in hemoglobin and red cells ( 1) . 
In addition, evidence shows a significant rise to 
occur in total iron-binding capacity (2-4). There 
is not the same unanimity, however, with serum 
iron findings. Laurell (2), Lundstrom ( 5) in 
Sweden, and Ventura and Klopper ( 4) in England, 
have reported a fall in this value, detectable at mid-
term. Yet, in America, neither Fay, Cartwright, 
and Wintrobe (6) nor Rath et al. (3) found a sig-
nificant change in serum iron during pregnancy; 
the latter authors, therefore, allegecl that the Swe-
dish data indicated widespread iron deficiency in 
that country. Presumably, the same inference ap-
plies to the English series. 
In South Africa, we have been greatly interested 
in the iron metabolism of the Bantu because : (a) 
their iron intake is often unusually high, sometimes 
as much as 200 mg. per diem, derived not only 
from the element present in their customary diet, 
but from adventitious iron taken up from iron 
utensils during the preparation of food (7); (b) 
abnormally high serum iron values are occasionally 
encountered in adults (8) ; this investigation we 
have confirmed and considerably extended (9) ; 
(c) hypochromic anemia is extremely rare (10); 
( d) at necropsy, abnormal deposition of iron is 
frequently seen in the tissues of the adult Bantu 
( 11- 13). We thought, therefore, that it would 
be illuminating to determine the above blood val-
ues, particularly serum iron levels, in groups of 
pregnant and non-pregnant Bantu women whose 
23 
everyday diet, although deficient in many respects 
according to accepted standards, is characterized 
by an habitually high iron content. 
MATERIALS AND METHODS 
The Bantu women, examined while attending health 
clinics, were partly from the Johannesburg urban area. 
though mainly from two rural native settlements near 
Pretoria. Subjects were thus dwelling 4,000 to 5,000 
feet above sea level. This fact must be taken into account, 
bearing in mind that hemoglobin concentration increases 
with altitude (14) . Obviously, it would have been de-
sirable to have followed a series of subjects throughout 
the period of gestation. But attendance at clinics is most 
irregul ar; moreover, many pregnant women do not attend 
until several months after conception. 
T he major source of calories for these people is maize, 
which is taken largely in the forms of cooked and sour 
porridges. This cereal is also used, with "kafli.rcorn" 
(sorghum), in the making of kafli.r beer. These food-
stuffs are usually prepared in the ubiquitous iron kafli.r 
pots, though occasionally in paraffin cans. Several sam-
ples of foodstuffs were obtained from patients. The iron 
contents were determined by the thioglycollic acid method 
( 15). Results are given in Table I. 
Blood samples were taken by venipuncture between 
9 a.m. and 10 :30 a.m., the usual precautions being taken 
to prevent iron contamination. Determinations of hemo-
globin, serum iron, and iron binding capacity were car-
ried out in duplicate. Hemoglobin values were deter-
mined by the oxyhemoglobin method, using a Hilger-
Spekker absorptiometer (II ford filter 602), calibrated 
against total iron determinations. For hematocrit, Win-
trobe tubes were used, centrifuging for one hour at 3,000 
r .p.m. Serum iron was determined by the thioglycollic 
acid method, and iron binding capacity according to the 
method of Rath and Finch (16). The total iron binding 
capacity was calculated by adding the serum iron value to 
the iron binding capacity. 
Since Rath et al. (3) have shown that the main in-
crease in iron requirement during pregnancy occurs to-
wards the end of the second trimester, and since the 
Swedish (2, 5) and English ( 4) workers have reported 
a fall in serum iron at about mid-term, we divided our 
subjects into two groups, one from 4 to 22 weeks, and the 
other from 26 to 40 weeks duration. Results are given in 
Table II. 
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TABLE I 
Iron content of prepared f oodstujfs consumed by our subjects 
No. of samples 




9.9 mg./ Fe/ 100 Gm. dry wt. 
(4.8- 19. 7) 
Sour porridge 
18 




4.2 mg./ Fe/100 ml. 
(1.l - 12.0) 
N.B. South Africa n maize contains 0.2 to 18.0, average 3.4 mg. Fe per 100 Gm. dry weight (17) . 
DISCUSSION 
Dietary surveys by Smit (18) reveal that the 
quantity of maize consumed daily by the urban 
Bantu ranges from 6 to 21 oz. ( 170 to 590 Gm.) 
per head; that of wheat is from 5 to 15 oz. ( 140 to 
420 Gm.). Information obtained by our dietitian, 
Miss J. L. Seward, on visiting homes of patients, 
together with information given by the patients 
themselves, suggest that: (a) the consumption of 
maize per diem by our subjects averaged about 
1 lb. ( 450 Gm.) ; ( b) about four-fifths of the maize 
bought is consumed as cooked porridge and the 
remainder as sour porridge; and (c) our subjects 
consumed an average of about 100 ml. kaffir beer 
per diem. 
Using data given in Table I, the iron contribu-
tion by 0.8 lb. ( 360 Gm.) cooked maize ranged 
from 17 to 70 mg.; that from 0.2 lb. (90 Gm.) sour 
porridge, 5 to 120 mg.; that contained in 100 ml. 
kaffir beer, from 1.1 to 12.0 mg. Hence, the total 
iron ingested from these sources ranged from 23 
to 202 mg., the mean value being 171 mg. per diem. 
Of course, additional amounts of iron are supplied 
by other components of the diet, e.g., bread, le-
gumes, vegetables and meat. This unusually high 
iron intake may be compared with the allowance 
currently recommended for pregnant women, 
namely, 15 mg. iron per diem (1)-a level not al-
ways reached by such subjects in the United States 
or Britain (19, 20). While we do not wish to at-
tach undue importance to our figures, it must be 
stressed that these people are habituated to an iron 
intake far higher than that of Europeans, although 
the diet is deficient in several respects according 
to accepted standards. 
Table II indicates that during pregnancy there 
is a significant rise in total iron binding capacity, 
but there is no significant fall in hemoglobin, he-
matocrit, nor serum iron. 
As mentioned in the introduction, during preg-
nancy it is usual for hemoglobin concentration 
and hematocrit value to fall to a variable extent. 
These reductions, however, may be regarded as 
"physiological" and not essentially as indicative of 
iron deficiency. Hypochromic anemia from the 
latter cause is considered to be present only when 
the reduction in hemoglobin concentration reaches 
a certain level, normally placed at 11 Gm. per 100 
ml. (21). The constancy of hemoglobin concen-
tration and hematocrit levels during the pregnancy 
of the Bantu subjects is therefore most remarkable. 
One possibility is that there has been no increase in 
TABLE II 






(-y/100 ml. (-y/100 ml. 
pregnancy Hemoglobin Hematocrit serum) serum) 
Gm. % % 
Non-pregnant 13.9 ± 0.9 42.9 ± 2.9 119 ± 32 323 ± 45 
(48)* (12.3-16.0) (38--49) (65-195) (225--445) 
0--22 weeks 13.9 ± 0.9 41.5 ± 3.5 121 ± 37 342 ± 54 
(43)* (12.2-15.9) (34--49) (30--205) (200--475) 
26--40 weeks 13.7 ± 1.1 41.3 ± 3.4 120 ± 46 403 ± 58 
(49)* (11.8-17.3) (34--48) (45-280) (260--525) 
* Number of subjects. 
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blood volume. This, however, is most unlikely, in 
view of the mass of published observations ( at 
least among white pregnant women) to the con-
trary. A second and more likely possibility is that 
the increase in plasma volume as pregnancy prog-
resses, is quantitatively paralleled by increases in 
total hemoglobin and total red cells. Whether this 
actually occurred must remain in doubt, since it 
was impracticable to carry out a series of determi-
nations of blood volumes throughout pregnancy. 
Regarding this constancy of hemoglobin and he-
matocrit values, the following observations in the 
literature appear to be relevant to our subjects: 
a. In the presence of a high iron intake, an 
otherwise inadequate diet does not prevent satis-
factory hemoglobin production, even when chronic 
or acute hemorrhage occurs. Thus, in hypo-
chromic anemia due to hookworm infestation, he-
moglobin levels can be largely restored to normal 
limits by iron therapy alone, without either im-
provement in diet or removing the parasites from 
the intestinal tract (22, 23). Furthermore, in 
poorly nourished Chinese blood donors, it has been 
found that hypochromic anemia can be prevented 
by iron therapy alone, without improving the diet 
consumed (24). 
b. In non-anemic subjects with hemoglobin 
values within normal limits, a high iron intake can 
stimulate increased hemoglobin production. This 
elevation, not invariably observed, is usually transi-
ent ( 19, 21, 22, 24). 
c. In non-anemic pregnant women, it has been 
reported that a high intake can stimulate the pro-
duction of hemoglobin and red cells, thus main-
taining normal values throughout pregnancy (25, 
26). 
Turning now to our Bantu subjects-their diet 
is inadequate (low in animal protein, fat, certain 
vitamins and mineral salts). But during preg-
nancy, and for years previously, their intake of 
iron has been very high. Their reserves of the ele-
ment are thus probably unusually large. The pres-
ence of excessive reserves is verified frequently at 
post mortem; for example, in the Johannesburg 
area, Higginson, Gerritsen, and Walker (13) have 
noted that SO per cent of adult females reveal ab-
normal deposition of iron in the tissues, often to 
a marked degree. The explanation of unchanged 
blood values in pregnancy would, therefore, seem 
to be the unusually high iron intake of our subjects. 
Our finding of no significant change in serum 
iron value during pregnancy agrees with the obser-
vations of the American workers (3, 6) and ar-
gues against the validity of the belief of Lund-
strom ( S) that a fall, inter alia, of serum iron in 
pregnancy, is "physiologic." 
The rise we observed in total iron binding ca-
pacity is in harmony with other workers' findings 
(2, 4, S). As far as we are aware, no explanation 
has been advanced to account for the phenomenon. 
There are two factors which may be of relevance. 
Firstly, iron is transported apparently exclusively 
by a /31 globulin component of serum protein (27). 
Secondly, reduction in the albumin-globulin ratio 
reported to occur in pregnancy (28, 29) suggests 
that the concentration of the particular iron bind-
ing globulin may be increased as gestation pro-
ceeds, although it forms only a small percentage of 
the total globulin fraction. 
SUMMARY 
The iron metabolism of the South African 
Bantu is marked by: (a) an habitually high iron 
intake; ( b) occasionally elevated serum iron val-
ues; ( c) extreme rarity of hypochromic anemia; 
and ( d) abnormal deposition of iron in tissues of 
adult Bantu examined at necropsy. 
Certain blood values have been determined on 
pregnant Bantu women, consuming a diet char-
acterized by its very high iron content though 
otherwise inadequate. On comparing data in the 
first and second halves of the pregnancy period, 
it has been found that there is no significant change 
in values for hemoglobin, hematocrit, or serum 
iron. The constancy of these values would seem 
to be due to the unusually high iron intake of 
these people. 
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Letters to the Editor 
PROTEIN REQUIREMENTS FOR HEMOPOIESIS. 
Dear Sir: 
In your recent issue1 dealing with "Nutri-
tional Aspects of Blood Formation," Professor 
Vilter said "so little is known concerning the 
protein requirements for hematopoiesis in 
human beings, that no full-dress discussion of 
the subject was considered to be profitable." 
The writer considers that our information on 
this subject for humans is perhaps not quite 
as inadequate as Professor Vilter indicates. 
According to Whipple, 2 experimental studies 
on dogs indicate that hemoglobin formation 
takes precedence over the formation even of 
serum protein, that the body stores must be 
greatly depleted, and the intake of protein 
greatly deficient over a long time before delay 
in hemoglobin formation occurs. Obviously, 
Whipple had in mind changes consequent on 
severe and prolonged dietary privation, and 
not changes in blood volume, etc., arising from 
minor changes in body weight. 
The purpose of this letter is to suggest the 
following: (1) as a normal accompaniment to 
loss in weight, hemoglobin production dimin-
ishes at an early stage of dietary restriction 
when body protein stores may be little depleted 
and when protein intake is not necessarily low; 
(2) in prolonged severe undernutrition, al-
though circulating hemoglobin mass is greatly 
reduced, it is probable that the amount does 
not fall to that level where obvious clinical 
manifestations would be expected; (3) in severe 
undernutrition, protein requirements for hemo-
poiesis are very small in comparison with total 
body protein mass and protein intake obtain-
ing; and (4) in severe undernutrition, dimin-
ished hemoglobin production is due not to 
deficiency of protein or other nutrients per se, 
but rather to the concomitant low tempo of 
metabolism prevailing. 
Amplifying these points: 
(1) Reduction in weight, whether in the 
obese or in persons of normal weight, is accom-
panied by a diminution in the volume of total 
body fluids, including plasma. Since hemo-
globin concentration does not rise during loss in 
weight, but is maintained, at least initially, i.t 
follows that hemoglobin production must be 
slowed down at an early stage when neither 
body protein stores nor protein intake are 
likely to be limiting factors. 
(2) ln severe undernutrition such as that 
present in the group of Indian prisoners 
of war studied by Walters et al., 3 circulating 
hemoglobin mass fell to a mean of 345 g, 
approximately half the normal value. Hemo-
globin concentration fell to a mean of 9.8 g per 
100 ml, the scatter of values being small. Now 
in men and women, not suffering from severe 
undernutrition, observations indicate that the 
hemoglobin concentration can fall to 6 g per 
100 ml or so, with an associated circulating 
hemoglobin mass of probably less than 270-
300 g, before such reduction is clinically obvi-
ous. 4 Moreover, in the tropics and semi-
tropics, various reports indicate that hemo-
globin concentrations of as little as 2 g per 100 
ml with a circulating hemoglobin mass prob-
ably Jess toan 100 g, are not unusually rare in 
patients with severe ancylostomiasis; yet ob-
servers have noted with surprise the occasional 
lack of obvious clinical stigmata in such suf-
ferers. One infers, therefore, from the above 
and from other published evidence, that in 
severe undernutrition, hemoglobin mass is 
probably maintained at a level higher than that 
associated with marked clinical stigmata. 
(3) The daily demand of new protein for 
hemopoiesis in severe undernutrition may well 
be less than is usually believed. In the study 
on the Indian prisoners already mentioned, 3 
upon admission, circulating hemoglobin aver-
aged 345 g. Assuming a 1 per cent destruction 
daily of red cells, 2 then 3.45 g hemoglobin had 
to be elaborated each day. Concerning· body 
weight and hence body protein mass, average 
body weight of the Indians was not reported, 
but that of the grossly undernourished adult 
male group at Belsen studied by Mollison et 
al .,5 averaged 44 kg. Now, according to deter-
minations by Mitchell et al.,6 and Widdowson 
et al.,1 the percentage of nitrogen in adult 
cadavers is approximately 2.3 per cent, and 
hence, very approximately, the proportion of 
protein matter is about 14 per cent. In severe 
undernutrition, as for example that observed 
in the Minnesota study,8 the percentage of 
"active protoplasmic mass" per total body 
NSJ 7 
weight is known to increase. However
, using 
the lower proportion merely for purpo
ses of 
argument, protein mass of the India
n war 
prisoners averaged about 6 kg. The 
protein 
intake of the latter in captivity was
 about 
15-20 g per diem. Hence, in the s
everely 
undernourished Indian subjects, calcu
lations 
suggest that the amount of regenerated
 hemo-
globin required daily was only about l /
l 700th, 
in comparison to the total mass of body 
protein 
then prevailing, not, of course, that on
e con-
siders this mass of autogenous protei
n even 
as largely available for metabolic needs
. The 
amount, moreover, was also small, abo
ut one-
fifth, in comparison to daily protein 
intake, 
although the Jatter was of inferior b
iologic 
value. Now the globin, or the amino
 acids 
derived from hemoglobin breakdown, 
are re-
used, at least in part. It is therefore ap
parent 
that the daily demand of new protein for
 hemo-
poiesis under the condition described 
is very 
small. Certainly the demand is far les
s than 
in lactation, where the high quality 
protein 
elaborated is wholly nonreturnable, and
 where, 
even in severe undernutrition, the yield o
f milk, 
although reduced, may still be conside
rable.9 
(4) 1n the gross undernutrition observ
ed in 
the Indian and Belsen studies, 
3 •5 (a) normal 
red cells were produced, and (b) there 
was no 
therapeutic response of the anemia to l
iver or 
iron (indeed, both hepatic and splenic si
derosis, 
was occasionally observed). Bearing
 these 
points in mind, also that the demand f
or new 
protein in hemopoiesis is very small, it
 would 
seem reasonable to consider that de
lay in 
hemoglobin production under these seve
re con-
ditions is not due to protein deficiency
 or to 
other specific nutritional deficiencies per
 se, but 
rather to that decreased vitality of meta
bolism 
accompanying sustained and rigorou
sly re-
duced total food intake. This situation
, how-
ever, still allows hemoglobin production
 to be 
maintained at a level unlikely to add a 
serious 
quota of embarrassment to an alread
y poor 
clinical picture. It may be noted that
 Whip-
ple, 2 in his studies on dogs, found that
 hypo-
proteinemia or anemia per se causes no d
amage 
to the body mechanism responsible for t
he pro-
duction of plasma protein and hemo
globin; 
dogs could be kept in good health for ye
ars. 
It might be added that under conditio
ns of 
. 
lesser deprivation, there is clear eviden
ce that 
a low protein intake (and that of low bio
logical 
value) does not prevent satisfactory prod
uction 
of hemoglobin. Thus, the hematologic 
picture 
of a group of malnourished Chinese
 blood 
donors was shown to become normal 
at the 
same rate as that of Caucasian donor
s, pro-
vided additional iron was ingested.
10 Again, 
iron therapy can restore hemoglobin c
oncen-
trations to within normal limits in perso
ns suf-
fering severely from hookworm infe
station, 
without the diet being improved and with
out the 
ancylostomes being removed. 
11 These ob-
servations argue against the validity 
of the 
popular view that mild protein deprivati
on may 
be responsible for low hemoglobin con
centra-
tions occasionally observed under su
ch cir-
cumstances. 
The foregoing strongly supports Whip
ple's 
view cited above: indeed, the writer w
ould go 
further and hazard the opinion that in h
umans, 
death from starvation supervenes before
 hemo-
globin production is critically affected.
 
Now it has been demonstrated freque
ntly 
that iron can stimulate erythrocytosis, p
articu-
larly in women, with or without hypoc
hromic 
anemia, whether pregnant or non-pr
egnant. 
While the anemia of severe undernutr
ition is 
certainly not of the iron deficiency typ
e, one 
wonders whether the presence of very hi
gh iron 
reserves prior to undernutrition, may p
erhaps 
act as a brake on the fall in hemoglobin p
roduc-
tion consequent to undernutrition. The
 South 
African Bantu lend themselves well for 
testing 
this speculation, the main features o
f their 
iron picture being as follows :
12 
The iron intake of the adult Bantu is
 un-
usually high, as much as 200 mg per da
y: such 
iron is largely adventitious and derive
d from 
utensils used in food preparation; the 
uptake 
of the element is particularly marked w
ith the 
traditional fermented cereal foods (pH
 2-3), 
which are consumed very frequently 
and in 
large amounts. At necropsy, abnorm
al dep-
osition of iron is apparent in the tis
sues of 
more than half of the adults examine
d; the 
distribution differs distinctly from th
at ob-
served in classic hemochromatosis and
 trans-
fusional siderosis, and is such as mi
ght be 
expected from oral iron "overload." 
Values 













are frequently elevated, and occasionally are 
higher than corresponding values in the two 
diseases just mentioned. Hypochromic 
anemia is much less common than would be 
expected from the nutritional and parasitic 
conditions prevailing. To throw light on the 
above speculation, hospital records were ex-
amined of 35 Bantu men and 21 women, 
these subjects being amongst the most severely 
undernourished and malnourished patients (25-40 per cent underweight) seen at Barag-
wanath non-European Hospital (1500 beds) 
during the last five-year period. Among these 
patients "pure'' undernutrition was rare; three-
quarters were suffering from pellagra. Mean 
hemoglobin values, standard deviations, and 
ranges, after correction (13.5 per cent decrease 
according to Fitzgerald's Law) for the altitude 
of Johannesburg (5700 ft), for the 35 men 
were 13.1 ± 1.2, range 7.0--15.2 g per 100 ml; 
37 per cent of the patients had values of 14.0 
g or more per 100 ml; for the 21 women, 
12.1 ± 0.8, range 6.0- 15.2 g. per 100 ml; 
48 per cent of the patients had values of 12.0 
g per 100 ml or more. Unfortunately, clinical 
information was inadequate; moreover, the 
hematologic, biochemical, etc. data available 
were not determined under research conditions. 
Nevertheless, it is obvious that some subjects, 
although grossly undernourished, had un-
expectedly high hemoglobin concentrations, 
certainly higher than values reported in cor-
responding studies undertaken elsewhere. 
What one would have wished to have known 
concerning these people was the precise stress-
ful load obtaining, e.g., liver disease, pellagra, 
tuberculosis, syphilis, bacterial and parasitic 
infections, and so forth, as well as values for 
serum iron, blood volume, etc. In other words, 
one considers it very desirable to know the maximum stressful load, including severe un-
dernutrition, which will still permit the main-
tenance of hemoglobin concentration within 
normal limits. The necessary investigational 
work to acquire such information has been planned, but it will take a considerable time 
before a satisfactory series of severely under-
nourished subjects becomes available for study. 
The information given in this letter (a) 
underlines the extraordinary high priority given by the body, even when almost in ex-
tremis, to hemoglobin production: and (b) sug-
gests that the amounts of the factors required 
for hemopoiesis may well be smaller than are 
usually believed, because they must have been 
contained (at least, the non-storable com-
ponents) in sufficient amounts in the Bantu 
patients' meager diet which had been con-
sumed in most cases for several months previ-
ously. 
This letter is published with the permission of the South African Council for Scientific and Industrial Research . 
-ALEXANDER R. P. WALKER, PH.D. 
Human Biochemistry Research 
Unit, South African Council for 
Scientific and Industrial Research, 
and South African Institute for 
Medical Research, Johannesburg, 
South Africa 
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SIDEROSIS IN THE BANTU 
tion in this organ was approximately o. r per cent dry weight, hemo-
siderin could be demonstrated by histologic methods. According to the 
amount of iron pigment demonstrated histologically, an attempt was 
made to grade the liver into one of four categories (Text-figs. r and 2). 
These corresponded approximately to the following concentrations of 
iron: o = < o.r per cent; + = o.r to 0.5 per cent; ++ = 0.5 to r.5 
per cent; +++ = > r.5 per cent. It is clear that this grading cannot 
TABLE I 
Cause of Death as Established at Necropsy 
Primary cause of death Male* Female* Total* 
Cardiovascular disease 57(5) 49(6) rn6(u) 
Tuberculosis 22(3) 12(1) 34(4) 
Neoplasia (excluding liver) 16(1) 7 23(1) 
Malignant hepatic tumors 6(3) 3(2) 9(5) 
Central nervous system disea~ 20(3) 12 32(3) 
Respiratory disease 24(2) 7 31(2) 
Acute bacterial infection 10(3) 8 18(3) 
Genitourinary disease 8 5(1) 13(1) 
Postoperative shock l 8 9 
Diabetes mellitus 0 3 3 
Cirrhosis of the liver 3 l 4 
Pellagra l 0 l 
Miscellaneous diseases 10(1) 3 13(1) 
Total 178 II8 296 
* The number of cases with cirrhosis unrelated to the cause of death is shown in brackets. 
be altogether accurate as the quantitative measurements are based on 
only 2 r cases which were studied by chemical analyses. In these, how-
ever, agreement between chemical and histologic grading was fairly 
satisfactory. An appropriate correlation between the chemical find-
ings and histologic appearance was found also in other organs. 
In addition the livers were classified histologically according to the 
degree of portal fibrosis as follows: (a) Essentially normal histology, 
including cases with slightly prominent portal tracts and minimal 
cellular infiltration. (b) Mild and moderate portal fibrosis, i.e., livers 
with an increase in portal fibrous tissue, but without generalized con-
fluence of the portal tracts (Fig. 2). ( c) Severe portal fibrosis, i.e., 
livers in which bands of fibrous tissue divide the organ into lobules 
(Fig. 3). 
In this paper the term "cir.rhosis" has been confined to this latter 
group (c). 
HIGGINSON, GERRITSEN, AND WAL KER 
Clinical Findings 
Cause of Death. The primary diseases causing death in the com-
plete series of 2 96 necropsies are shown in Table I. The degree of 
hemosiderin deposition was unrelated to any specific disease, and 
severe siderosis appeared to be an incidental post-mortem observation, 
not directly related to the patient's death. One patient, however, had 
died from the spontaneous rupture of a heavily pigmented spleen. 
30 a 
... · .. . . : .. 


























Text-fig . 1. Histogram showing the relation of hepatic fibrosis and siderosis in each 
age group for u8 female patients. 
(a) Structurally normal livers. 
(b) Livers with portal fibrosis but without confluence of the tracts. 
( c) Severe fibrosis (cirrhosis) . 
There was no history of trauma, and except for an old focus of cerebral 
softening, the remaining organs and tissues were normal apart from 
heavy deposits of iron pigment. In 9 cases of carcinoma of the liver, 
a severe degree of siderosis was not found. 
Nutritional State. In only 2 patients was a typical pellagroid rash 
observed. In the remainder the nutritional state was dependent on the 
SIDEROSIS IN THE BANTU 
primary disease and not on the degree of iron pigmentation of the 
viscera. It was common, however, to find hyperpigmentation and 
hyperkeratosis of the skin of the limbs in Bantu patients suffering 
from chronic disease. Severe siderosis was seen often in wasted 

























Text-fig. 2. Histogram showing the relation of hepatic fibrosis and siderosis in t:ach 
age group for 178 male patients. 
(a) Structurally normal livers. 
(b) Livers with portal fibrosis but without confluence of the u:acts. 
(c) Severe fibrosis (cirrhosis). 
Diabetes M ellitus. Only 3 patients had diabetes mellitus; in these, 
hemosiderin deposits were very scanty. 
Serum Iron. In many apparently healthy Bantu a high serum iron 
and total iron binding capacity have been observed.29•30 Serum iron 
determinations were carried out on 5 subjects from whom liver sped-
HIGGINSON I GERRITSEN, AND WALKER 
mens were available for biopsy; of .3 patients in whom some hemo-
siderin deposition was demonstrable, 2 had markedly increased serum 
iron. 
Parasitic Infestation. Schistosoma haematobium infestation was 
observed incidentally in 7 necropsies. 
Age and Sex Distribution. The histograms (Text-figs. r and 2) re-
late the degree of siderosis to age. Under 20 years of age it is seldom 
observed and never to a severe degree. Its incidence and severity in-
crease with age to the fifth decade, when the number of affected per-
sons remains relatively constant. Females are less severely affected 
than males, especially in the third and fourth decades. Since it is our 
general experience that siderosis is very rare under the age of ro years, 
younger children and infants were excluded from this investigation. 
Geographic Distribution. Hemosiderin deposits were observed in 
the livers of Bantu from other parts of the Union, and from the fol-
lowing territories: Rhodesias, Bechuanaland, Swaziland, N yasaland, 
and Mozambique. In many of these livers, malarial or bilharzia! pig-
ment also was found. Accordingly, the condition does not appear 
limited to the Johannesburg area, but as yet no extensive investigation 
has been made in other areas. 
Chemical Analysis 
The concentration of iron in the major organs from 2 r Bantu and 6 
European subjects is shown in Tables II to V. Cases 26 and 27 pre-
sent the iron concentration in the organs of the 2 European subjects 
who died with classical hemochromatosis. The clinical features of case 
26 have been reported elsewhere.31 The iron concentration in classical 
hemochromatosis is summarized in Table V after Sheldon.7 
GROSS AND MICROSCOPIC PATHOLOGIC FEATURES 
Our description of the morbid anatomical distribution of hemosid-
erin is based chiefly on the 44 cases examined in most detail. Where 
desirable, use has been made of the tissues available from the addi-
tional 252 necropsies in which the liver was examined for iron. The 
rusty appearance of siderotic tissues was typical, and the pattern of 
visceral and lymph node involvement could easily be studied with the 
naked eye. Further, as the pattern observed in the cases examined in 
more detail was constant and was confirmed by microscopy, section of 
further tissues was considered unnecessary. 
External Appearances 








































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































HIGGINSON, GERRITSEN, AND WAL KER 
disease was due to increased melanin in the rete malpighii and was 
unrelated to the amount of hemosiderin in the abdominal organs. In 
3 of 10 severe cases with heavy iron pigmentation of the liver, micro-
scopic examination of the skin from the flexor surface of the arms 
showed a few scattered hemosiderin granules in the corium, most 
marked in the region of the skin appendages. No iron pigment was 
found in skin sections from cases with moderate hepatic involvement. 
The Liver 
The following description is drawn from the 292 livers examined. 
The gross appearance varied according to the nature of the primary 
disease. In livers with a moderate or severe siderosis, the organ had 
also a rusty brown color and gave a positive Prussian blue reaction in 
the cold. In 35 of these 292 livers, cirrhosis was present but in only 
4 was it the direct cause of death. The weight of the organ was unre-
lated to the intensity of pigmentation. The mean weight for normal 
livers without histologic iron was 1515 gm. (range, n20 to 2000 gm.); 
for those classified as severe siderosis, 1550 gm. (range, 1200 to 2350 
gm.); and for those with fine multilobular cirrhosis, 1660 gm. (range, 
1200 to 2450 gm.). 
Microscopic Examination. Among Bantu patients it is common at 
necropsy to find histologic evidence of liver disease, which is appar-
ently unrelated to the cause of death (Table I). Similar lesions are 
observed in liver specimens for biopsy from patients who clinically 
are not under suspicion of having hepatic disease. These lesions vary 
from prominence and slight fibrosis of the portal tracts to a fine 
multilobular cirrhosis (Figs. 1 and 2). There may be an associated pleo-
morphic portal infiltration by lymphocytes, plasma cells, and histio-
cytes, also polymorphonuclear cells and eosinophils. Throughout the 
liver, the fibrosis of the portal tracts is unequal; in some tracts there 
is little or no increase in fibrous tissue; elsewhere collagen fibers extend 
toward the neighboring tracts and between the parenchymal cells at 
the periphery of the lobules. The resultant cirrhosis accordingly shows 
both a monolobular and multilobular distribution. It seems probable 
that, in the late stages, such a cirrhosis may progress to a coarse cir-
rhosis morphologically indistinguishable from that of post-necrotic 
origin, but proliferation of the bile ducts is insignificant and necrosis 
of the liver cells is not a feature. The distribution of the livers of the 
various types in each group is shown in Text-figures 1 and 2. 
Of the 35 cirrhotic livers, the cirrhosis in 25 was clearly a more 
advanced degree of the fine portal type which we have described. In 
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none of these was it considered the direct cause of death. There was 
one case of true biliary obstructive cirrhosis. The remaining 9 livers 
showed a coarse multilobular cirrhosis. In the latter cases the clinical 
history was insufficient to determine the etiology with cer~ainty. 
Distribution of Iron Pigment. In the majority of livers, hemosiderin 
was observed in both liver and Kupffer cells. In cases of mild sidero-
sis the cytoplasm of the Kupffer cells usually stained a diffuse blue and 
sometimes contained small hemosiderin granules. In the parenchyma, 
on the other hand, iron pigment appeared first as fine granules at the 
biliary pole of the hepatic cells at the periphery of the lobules. In 
8 livers, however, hemosiderin was found only in the Kupffer cells 
( Fig. 3), and in 8 additional livers pigment was confined almost en-
tirely to the parenchymal cells, pigment in the reticulo-endothelial cells 
being insignificant. 
In severe cases, the deposits of pigment in the parenchymal cells 
and Kupffer cells were more marked and the pigment granules of 
larger size. Deposits, however, were still most obvious in the liver 
cells at the periphery of the lobules, but the pigment was no longer 
confined to the biliary pole ( Figs. 4 to 6). Where the Kupffer cells 
were heavily involved, large granules of pigment obscured nuclear 
detail and the cells appeared as masses of granular hemosiderin. In 
an occasional case, iron-laden multinucleated macrophages were pres-
ent in the sinusoids. Even where deposits were marked in the liver 
cells, cellular degeneration was not a prominent feature. No correla-
tion was observed between the amount of hemosiderin in the Kupff er 
cells and in the liver cells. 
In siderotic cases of all degrees of severity, deposits of iron pigment 
were noted also in the portal tracts ( Figs. 5 and 6). These varied from 
an occasional iron-laden macrophage to heavy intracellular and extra-
cellular masses. The appearance of these latter masses suggested 
origin from the disruption of iron-laden macrophages. Frequently, in 
cases with severe pigmentation, hemosiderin was found in the epithe-
lium of the small bile ducts, and in the endothelial cells of the portal 
lymphatics and venous channels. Invasion of the liver capsule by iron-
laden macrophages was always present in association with heavy pig-
mentation of the portal tracts. The histograms (Text-figs. 1 and 2), 
however, show that all patterns of liver damage can be associated with 
any degree of hemosiderin deposition. But while there is a tendency 
for severe siderosis to be associated with portal fibrosis and cirrhosis, 
conversely, some cases with heavy iron storage show little or no fibrosis. 
In siderotic livers, foci of scarring or tuberculosis were of ten infil-
' 
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trated by iron-laden macrophages (Fig. 7). Similar invasion of 
fibrous scars was found elsewhere in the body. 
Iron Content. On comparing the concentration of iron determined 
chemically and assessed histologically in 2 r livers, it was clear that 
the fibrosed portal tracts permitted marked storage; i.e., when a liver 
showed a high iron concentration on chemical analysis, much of the 
hemosiderin appeared to be situated in the portal tracts. In this series, 
the highest concentration of hepatic iron was 5.52 per cent dry weight 
( case 2 5). In this liver, cirrhosis was present. 
Spleen 
In siderotic cases the spleen showed a marked rusty color, the inten-
sity of which was invariably greater than that in the liver. Sometimes, 
although the liver had a normal color, the spleen showed a distinct 
brownish tinge and gave a positive Prussian blue reaction. The weight 
and size of the organ were related to the accompanying disease process. 
Significant enlargement of the spleen or other evidence of portal hyper-
tension was present in only 6 of the 2 5 cases with fine multilobular 
cirrhosis. 
On microscopic examination of the rr3 spleens available, a much 
greater concentration of iron was found than in the liver, with only 
2 exceptions. This was confirmed by chemical analysis in 2 1 cases 
(Tables II to V) but the total quantity of iron, however, was less than 
in the liver. In those cases in which only minimal involvement of the 
parenchymal or Kupffer cells of the liver was present, the spleen 
showed significant deposits of hemosiderin in the endothelial cells and 
macrophages. In more severe cases, the number of iron-laden macro-
phages in the pulp increased to form dense masses, some of which 
appeared extracellular (Fig. 8), and often the entire reticulo-endo-
thelial system was outlined by pigment. Iron-laden histiocytes were 
found also in the capsule and trabeculae, and the endothelium of the 
trabecular veins frequently contained hemosiderin granules. Occa-
sionally, slight iron encrustation of the trabecular fibers was observed, 
but the elastica of the vessels was usually unaffected. The malpighian 
corpuscles appeared relatively free from iron pigmentation. Fibrosis 
was not significant unless some other factor such as portal hyperten-
sion or chronic venous congestion was present. 
Pancreas 
On naked-eye examination the pancreas usually appeared normal, 
but in 2 cases it had a distinct brown color. Of the 82 pancreases ex-
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amined microscopically, 32 were from cases in which the liver was 
heavily pigmented. In the majority of these, slight hemosiderin de-
posits were noticed in scattered interstitial macrophages, but in only 
7 did the acinar and islet cells contain iron-pigment granules. These 
were very scanty with the exception of case 25, the most severely 
siderotic case noted. Cases of moderate or mild hemosiderosis showed 
no evidence of epithelial involvement. Chemical determination con-
firmed the very low concentration of iron in the pancreas, in contrast 
to that in the liver and spleen. In a few cases there was a fine inter-
stitial fibrosis which was unrelated to the amount of iron in the pan-
creas or in other viscera. 
Heart 
In only 4 of the 2 1 hearts from cases with severe hepatic siderosis 
were iron pigment granules observed in the perinuclear region of the 
myocardial fibers. In the remaining 53 hearts from cases of lesser 
severity, no iron could be demonstrated histologically in the myo-
cardium. Chemical analysis confirmed the very slight increase in iron 
in the cardiac muscle. 
Kidney 
In both severe and moderate cases, scanty hemosiderin granules 
usually were found in the distal convoluted tubules and also in the 
loops of Henle. In some severe cases granules of iron pigment were 
found lying in the glomerular capillaries. Scattered hemosiderin-laden 
macrophages frequently were present in the interstitial tissues as were 
also slight extracellular deposits, especially in foci of fibrosis. The 
tubular deposits were scanty and focal in distribution. Analysis in 4 
severe cases showed only a slight increase in iron concentration. 
The Gastrointestinal Tract 
The stomach appeared normal, even in patients with severe siderosis 
on gross examination. In 4 very severe cases, microscopic examination 
showed only traces of hemosiderin in a few acinar cells and only occa-
sional iron-laden macrophages in the submucosa. In 6 other cases with 
equally heavy visceral deposits, no pigment was found in the epi-
thelial cells. 
On naked-eye examination the duodenal and jejuna} mucosa from 
cases with slight hepatic pigmentation appeared normal. In cases with 
more marked visceral involvement, however, the mucosa had a rusty 
color and gave a positive Prussian blue reaction. This color was first 
noted in the doudenum (being most intense in the third and fourth 
parts) and upper jejunum, and then diminished and disappeared in 
-. -
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the lower jejunum and ileum. Microscopic examination confirmed the 
gross appearances in mild cases; sections of the jejunum showed only 
an occasional iron-laden macrophage in the substantia propia of the 
villi. But in severely siderotic cases all cellular detail in the villi was 
obscured by masses of intracellular and extracellular pigment. Similar 
changes were found to a lesser degree in the duodenum, but in no case 
examined were the glands of Brunner involved (Figs. 9 and ro). 
When the visceral deposits of hemosiderin were slight, the ileum 
showed no abnormal storage, but in severe cases a few iron-laden 
macrophages were found in the villi. The colon was normal, but occa-
sionally, foci of hemosiderin-laden macrophages were found in the 
mucosa. In all cases post-mortem change was too advanced for exam-
ination of the epithelium. 
Chemical analysis confirmed the histologic findings; the iron con-
centration of the stomach, ileum, and colon showed insignificant rises 
in comparison to the jejunum, which on one occasion contained seventy 
times the average normal value ( case 2 1). Due to the presence of the 
muscle in these specimens, however, these values are only approximate 
and the actual mucosa! concentration of iron would be much greater. 
From Tables II to V, it can be seen that a rise in the concentration 
of iron in the jejunum usually accompanied an increase in the liver 
and spleen, and this was confirmed by histologic study. 
Slight deposits of hemosiderin were found in the acinar cells of only 
2 of r 2 parotid glands examined. No hemosiderin or only an occa-
sional iron-laden interstitial macrophage was observed in 4 additional 
glands, although all 6 subjects showed equally heavy iron deposits in 
the abdominal organs. 
Endocrine Glands 
Sections from the thyroid gland, pituitary body, and testes showed 
only a few scattered hemosiderin-laden macrophages in the interstitial 
tissues. In only two thyroid glands from severe cases were hemo-
siderin granules found in the epithelial cells. Of the 19 suprarenal 
glands examined, in only 2 was iron pigment found in the epithelial 
cells. In many of the remainder, although the endothelial cells of the 
cortical sinuses were outlined by hemosiderin and heavy deposits were 
present in the medulla, no pigment was observed in the epithelial cells. 
Testicular atrophy and gynecomastia were present in several cases, 
but no correlation with the degree of visceral siderosis or hepatic 
cirrhosis could be established. 
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Extensive deposition of hemosiderin in the viscera of the South 
African Bantu was first described by Strachan/ and later by the Gill-
mans and their co-workers.2-5 Strachan considered metallic poisoning 
by copper, tin, or zinc the probable etiologic factor. Gillman and 
Gillman 3 correlated the abnormal iron deposits with pellagra and 
malnutrition. · . !~ 
The general physiology and pathology of iron storage has been 
reviewed recently by Finch and his associates.6 In .man, large hemo-
siderin deposits are found mainly in classical or idiopathic hemochro-
matosis, 7 in certain anemias,6•8•9 and after multiple blood transfu-
sions.10-12 In undernutrition or starvation, iron pigment deposits are 
found also, probably due to the breakdown of blood and tissue 
cells.13·14 Heavy visceral deposits of iron, associated with bone and 
joint deformities, have been reported also in Korean mountain dwel-
lers.15 
In animals, the parenteral administration of citrated blood or iron 
compounds leads to excessive amounts of iron in various organs; this 
has been observed in mice,1° rats,6 rabbits,11·20 and dogs.6 •21 The addi-
tion of iron salts to certain experimental diets, especially if low in 
phosphorus, also has been shown to cause excessive iron deposition in 
various animals.6•22·24 
The pattern of iron distribution in severe siderosis in the Bantu has 
been assumed to be identical to that in classical hemochromato-
sis; H,25·26 but our findings, which are the result of anatomical, histo-
pathologic, and chemical investigation, do not support this view and 
accordingly seem worthy of publication. 
METHODS AND MATERIALS 
Our investigation was based mainly on 44 necropsies representing 
siderotic cases of varying severity. The liver, spleen, heart, kidney, 
and pancreas were examined in each, with the exception of the kidney 
in one case. Blocks from the jejunum also were available in 32 of 
these necropsies. In selected cases, additional blocks were taken as 
* This paper is published with the permission of the South African Council for Scientific and Industrial Research. 
Received for publication, February 24, 1953. 
779 
780 HIGGINSON, GERRITSEN, AND WAL KER 
desired from the gastrointestinal tract, salivary glands, endocrine 
glands, lymph nodes, bone marrow, breast, tongue muscle, and skin. 
In 21 of these cases, the iron concentration was determined in se-
lected organs. With two exceptions this had to be done on formalin-
fixed tissues and no allowance could be made for hemoglobin iron. 
However, since the quantity of iron as hemosiderin was so large, the 
small amount of hemoglobin iron would not have been significant, as 
was shown by Roth, Jasinski, and Bidder.
27 The tissues were dried at 
uo° C. for 24 hours, ashed at 450° C., and the iron estimated by the 
thioglycollic acid method. In the majority of organs the iron concen-
tration was determined in duplicate. The duplicates showed a maxi-
mum error of about IO per cent. In addition, tissues of 4 European 
adult subjects were analyzed as controls. The iron concentration also 
was determined in the major organs of 2 cases of classical hemochro-
matosis in Europeans. 
To establish the incidence of siderosis and its relationship to hepatic 
fibrosis, 2 52 additional necropsies were reviewed, and the livers sec-
tioned and stained for iron. The pattern of iron distribution was con-
firmed in these necropsies by the study of a small number of random 
tissues. 
Both the more detailed series of 44 necropsies and the additional 
2 5 2 cases were unselected, except that children under IO years, and 
patients with anemia, malaria, and hepatic necrosis were omitted. 
Also examined were I IO specimens of liver obtained for biopsy from 
other patients, many of whom showed various stigmata of malnutrition. 
Additional blocks from 72 livers obtained from unselected necropsies 
of Bantu living in other territories in Southern Africa also were avail-
able for examination. 
In general, the organs were fixed in IO per cent formalin; but in a 
few cases formol-sublimate, or Carnoy's fluids, were used. All sections 
were stained routinely with hematoxylin and eosin. Hemosiderin was 
demonstrated by Perls' hot potassium f errocyanide method, modified 
after Dry.28 The sections were counterstained with basic fuchsin. 
Additional stains used in selected cases were Turnbull's blue, Sudan 
IV, Sudan black, Mallory's picric acid-stain after McFarlane, silver 
reticulin stain, and Schiff's periodic acid stain with or without preced-
ing salivary digestion. 
Classification of Cases 
Since the liver stores a high proportion of the total body iron, the 
concentration of the element in this organ was used arbitrarily as a 
standard of severity for each case. Usually, when the iron concentra-
(Reprinted from Nature, Vol. 166, page 438, September 9, 1950.) 
Iron Intake and Hremochromatosis 
in the Bantu 
THE high incidence of hremochromatosis among the 
Bantu was initially pointed out by Strachan\ and 
has been confirmed by the Gillmans2, 3 , who regard 
the disorder as one of the manifestations of chronic 
malnutrition. 
In a recently published paper, Kinney, Hegsted 
and Finch• have reported, inter alia, that: (a) when 
rats were fed on an adequate diet together with 2 per 
cent iron citrate, no deposition of hremosiderin 
occurred in the liver ; (b) when a diet of 80 per cent 
corn grits and 20 per cent lard was used, there 
was slight deposition of hremosiderin in that organ ; 
(c) but when this latter diet was supplemented 
with 2 per cent iron citrate, massive deposition 
resulted. Only, therefore, when the diet was inade-
quate in many respects and also contained added 
iron was the accumulation of this element in 
the liver observed. The general pattern of the dis-
tribution of iron in the tissues of the rats was stated 
to be similar to that observed in the Bantu subjects. 
Since the diet of the Bantu- usually contains a large 
amount of maize, the above considerations have 
prompted inquiry as to the le._vel of the daily iron 
intake of these people. The purpose of this communi-
cation is to provide evidence that an unusually large 
amount of iron is, in fact, frequently ingested in their 
food. 
It has been stated that the diet of the African 
is not particularly rich in iron• ; but a daily diet 
including maize to provide, say, 2,000 calories con-
tains 15-30 mgm. iron, thus probably more than 
covering the generally recommended allowance of 
10-15 mgm. 6• The intake of this element, however, 
is greatly increased during the preparation of food 
for consumption, for the Bantu, both in rural and 
urban areas, very frequently use iron pots for cooking 
purposes. It has been found that in the cooking of 
whole maize, maize meal porridge, various types of 
legumes, and in the preparation of kaffir beer and 
fermented porridge or 'marewa', the iron content 
may be increased up to at least five times that con-
tained in tho original foodstuffs. A typical diet 
cooked in the traditional manner may contain 100-
150 mgm. iron per diem. When large numbers of 
Bantu are fed in a communal manner, large iron 
cooking vessels are also used. Analyses for iron 
content of the adequate diets consumed }Jave been 
/ 
undertaken at certain centres : the claily food ration 
of the Bantu workers on the gold mines and at this 
Institute has given values of 100-150 mgm. iron 
per diem; while values of about 100 mgm. per diem 
have been obtained in the food intake of Bantu 
prisoners at the Johannesburg Gaol. 
Confirmation of the large amounts of iron being 
ingested by these people has been obtained by 
determining the iron content of their freces. In the 
case of the gold mine Bantus (three-day periods) and 
the Institute Bantus (one-day periods), the amounts 
of iron voided varied fr<'m 75 to 145 mgm. per diem; 
for the gaol Bantus (seven-day periods), the amounts 
varied from 65 to 105 mgm. per diem. Far less acc,_ir-
ate but confirmatory ev.idence has been obtained by 
determining, with suitablo precautions, the iron con-
tent of stools of rural Bantu collected at kraals in 
the countryside near J ohannesbu:rg ; values from 
40 to 215 mgm. per stool were obtained. Urines, 
collected for 24-hour periods, from subject,s at the 
above centres, all contained less than 0·7 mgm. iron 
per diem. Balance experiments for weekly periods 
have been carried out on the Bantu prisoners at the 
gaol, when consuming their everyday food ; since, 
however, the homogenization of food before con-
·sumption was not carried out, the iron-intake figures, 
and hence the iron-retention figures, are not reliable. 
It is obvious from experiments both 'Jn animals 
and man that a high intake of iron is not the cam:e 
of hremochromatosis. Nevertheless, the study of 
• Kinney et al.' showed that", in the unsatisfactory 
dietary setting used, such an intake was of critical 
importance in promoting the development of the 
disorder. It is therefore suggested that with the 
particular type of malnutrition affecting the Bantu, 
the relatively large amount of iron habitually in-
gested may be an etiological factor in the hmmo-
chromatosis reported to be so common among them. 
A. R. P. WALKER 
u. B. ARVIDSSON 
Nutrition Unit, 
Council for Scientific and Industrial Research, 
South African Institute for Medical Research, 
Johannesburg. April 3. 
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ABSORPTION OF IRON 
[To the EDITOR of the BRITISH MEDICAL ]OUR AL] 
SIR,-1 read with interest your leading article on the 
absorption of iron (February 3, p. 231), because abnormal 
deposition of the element is frequently observed in the South 
African Bantu living on the Witwatersrand (investigations 
up to the present .have been limited to these people).'' 
Haemosiderosis-apart from being a. feature of haemo-
.chromatosis-can arise from a high oral intake of iron . 
from its intravenous administration, from diseases marked 
by haemolysis, and possibly from malnutrition . Since it has 
been found that the iron intake of these Bantu is frequently 
as much as 200 mg. per day, derived mainly from their iron 
cooking vessels,3 the role of thi s high intake, as a causative 
factor in the haemosiderosis observed, seems worth consider-
ing. An interesting observation, barely mentioned in current 
reviews on iron metabolism, is that, when iron preparations 
.are taken orally in doses of the order used in iron thera py, 
.an abnormal amount, sometimes reaching several grammes, 
is absorbed by the body. Such iron is retained and not 
-excreted. This abnormal absorption bas been observed to 
occur not only in anaemic persons• ' but also in normal or 
non-anaemic subjects.'• It seems. therefore, that the u~ual 
response to a high intake of iron i~ an excessive retention ; 
in other words, under such conditions of intake the 
"mucosa] block'" ceases to operate effectively. 
Returning to the local Bantu- the iron provided by their 
-cereals, legumes, etc., is already relatively high-say, up to 
40 mg. per day. When these foods are cooked in iron 
vessels-the ubiquitous kaffir pots and paraffin cans, also 
the larger iron containers used in communal feeding- this 
intake may be doubled. When, however, fermented maize 
porridge (marewa) and kaffir beer, of pH values about 3.5, 
are prepared, the uptake of iron may reach ten time~ the 
amount contained in the parent cereals. It must be empha-
sized that such food preparations are national and traditiona l 
to these people, and are frequently consumed in large 
a mounts by men, women, and even children. Analysis of 
the total diets consumed and also of stools from widely 
-different sources gives the impression that a high intake of 
iron, sometimes exceeding 200 mg. per day, is of common 
occurrence. Balance observations• ' have shown that an 
intake of this order lies within the range wherein excessive 
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retentions are likely to occur. Can these intermittent though 
cumulative retentions be responsible for the haemosiderosis ? 
Of the other possible causes, malaria is the 011ly common 
disease marked by haemolysis which, if chronic, could give 
rise to intense haemosiderosis. But Gillman and co-workers 
have pointed out that, since typical malarial livers were 
found so seldom in the haemosiderotic cadavers studied by 
them, malaria cannot be responsible for the frequently 
observed haemosiderosis.• As a causative factor, blood 
transfusions obviously can be neglected. 
As to malnutrition, American workers have shown, with 
animals, that an abnormal absorption of iron may be caused 
by certain types of inadequate diet-for example (a) when 
composed of 80% maize or rice and 20 % lard,' or (b) when 
deficient in pyridoxin. 11 Such haemosiderosis is increased 
by the presence of a high iron intake. Turning to man, one 
might remark that malnutrition is not new, nor is it confined 
to backward pigmented peoples ; moreover, the phenomenon 
of haemosiderosis was well known towards the end of the 
last century. In Europe at that period poverty was not 
uncommon. If, therefore, malnutrition per se is a causative 
factor it is difficult to understand why able German patholo-
gists like Quincke, who were keenly interested in the subject,. 
failed to report a type of haemosiderosis peculiar to poorly 
nourished people. It could be argued that the under-
nourishment then occurring was too mild to provoke the 
phenomenon, or that the latter was of too infrequent occur-
rence to attract special attention. Yet our Bantu are not the 
most malnourished of peoples. 
Surely if malnutrition is causative, haemosiderosis should, 
be proportionately common among less-favoured inhabitants 
of the East. So far as I can determine there is no evidence 
that this is the case. Absence of reports does not, of course, 
establish that intense haemosiderosis does not occur, but 
their lack gives th,e impression that malnutrition per se is 
not the critical factor. On the other hand, it is conceivable 
that a particular type of malnutrition is involved. The point 
you noted, Sir, in relation to a low phosphate diet promoting-
the absorption of iron does not seem to have a· bearing on 
the haemosiderosis in the Bantu, for the nature of their diet 
is such that their intake of phosphorus is unusually high. 
There would seem to be at least three possible hypotheses. 
on the causation of this " dietary haemochromatosis " main-· 
tained by Gillman · and co-workers to be one of the 
manifestations of chronic malnutrition.• 
(1) Under certain conditions the consumption of an inadequate· 
diet gives rise to a malnutritional picture which includes, inter 
alia, kwashiorkor, pellagra, hepatic cirrhosis, primary carcinoma, 
of the liver, and also haemosiderosis. 
(2) Under certain conditions the consumption of an inadequate 
diet causes a lesion which, as in (1), allows abnormal absorption, 
3 
of iron to occur; but the amount absorbed reaches significant 
proportions-i.e., the haemosiderosis becomes prominent-only 
in the presence of a high intake of iron, the latter being common 
and apparently peculiar to the Bantu. 
(3) The haemosiderosis is caused primarily by the high iron 
intake (there is no neoessity to postulate a lesion of the digestive 
1ract), in which case the diseases occurring simultaneously are 
fortuitous superimpositions. 
A certain amount of evidence from both animals and man 
may be cited in support of each hypothesis, but present 
knowledge is insufficient to establish the probable explana-
tion. It is necessary to know more of the character of the 
haemosiderosis-i.e., of its extent, distribution, and histo-
logical picture in the organs and tissues affected-and of 
how the incidence is influenced by malnutrition generally, by 
the type of cereal consumed (maize, kaffir com, etc.), by the 
amount of acid-fermented foodstuffs consumed, and so forth. 
It is, alas, all too easy to theorize. One would be grateful 
for any comments your readers may care to make on this 
phenomenon which occurs so frequently among these people. 
This letter is published with the permission of the South 
African Council for Scientific and Industrial Research. 
- I am, etc. , 
Pretoria. 
ALEXANDER R. P. WALKER, 
Senior Research Olllcer. Nuttltion Unit. 
National Olemlcal Raearch Laborator,. 
South African Council for Scientific and. 
Industrial 'Research. 
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IRON " OVERLOAD " IN THE SOUTH AFRICAN BANTU• 
BY 
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for Scientific and Industrial Research. 
At the Johannesburg Gaol, balance experiments have been carried out on a number 
of Bantu prisoners when consuming their usual high cereal diet. Among various observations 
made, it was puzzling to find that the chemically determined value for iron intake was almost 
invariably higher than the value calculated from good tables. Subsequent investigation 
revealed the difference in values to be mainly due to adventitious iron taken up from iron 
vessels during the preparation of their food. Since the vessels in question are used frequently 
in communal feeding, and since iron kaffir pots and, to a lesser extent paraffin cans, are ubi-
quitous in rural areas and urban townships, it was considered that the level of iron intake 
of the Bantu might well be higher than is usually supposed. 
In South Africa, it has been found that siderosis or abnormal deposition of iron is 
frequently present in organs and tissues of adult Bantu examined at necropsy (STRACHAN, 
1929; GILLMAN et al., 1945a; HIGGINSON et al., 1953). It was therefore thought worth 
while to investigate the range of iron intake among various population groups. In the light 
of such knowledge, it should be possible to discuss the likely physiological or pathological 
effects of a habitually high iron intake, and so learn whether this could be responsible for 
the widespread siderosis observed. 
The uptake of iron from such utensils during food preparation has been reported by 
other workers (McCANCE and WIDDOWSON, 1943; MACKAY et al., 1947). But whereas 
the uptake in the everyday preparation of food by Western peoples is not likely to be of much 
practical nutritional importance, the position with the Bantu is different. First, their diet 
includes a variable though usually large amount of cereals, providing initially a relatively 
large contribution of the element. Second, the preparation of extensive amounts of staple 
foods in iron utensils clearly makes for a high potential contribution of extraneous iron. 
Particularly is this likely to be the case with acid fermented foodstuffs, e.g., porridge (marewa) 
and kaffir beer (pH 3 . 0-3. 5), large volumes of which are consumed, sometimes daily. We 
have therefore determined : 
(1) The uptake of iron from iron kaffir pots and paraffin cans during the cooking of whole maize, 
maize meal porridge, and common legumes, using Bantu methods of cooking. 
• This paper is published with the permission of the South African Council for Scientific and 
Industrial Research. 
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(2) The iron content of Bantu foodstuffs prepared for consumption, such being obtained from a 
wide variety of sources; and 
(3) The iron content of samples of Bantu stools and urines. 
MATERIALS AND METHODS 
Iron uptake in foodstuffs cooked in the laboratory. The iron kaffir pot ( capacity 7 pt.; 
weight 8 lb.) and paraffin can (capacity 4 gal.) employed were similar to those commonly 
used by the Bantu. Whole maize, maize meal (household), "cow peas" (Vigna unguiculata), 
and "sugar beans" (Phaseolus vulgaris), were added to different proportions of tap water 
and cooked for varying periods in pot and can. Our dilutions and times of cooking were 
those in popular use. The tap water contained O. 5 mg. iron per I., a negligible contribution. 
In South Africa the iron content of various surface and underground waters examined by 
the Railways and Harbours Administration ranges from O. 02-2. 5 mg. iron per I.; the amount 
afforded by a daily consumption of, say, 2-3 I. is small, so that the average contribution from 
potable water need not be taken into account. The iron contents of the uncooked compared 
with cooked foodstuffs examined are given in Table I. 
TABLE I. Laboratory experiments on uptake of iron in cooking of Bantu foodstuffs in iron kaffir pots 
and paraffin cans. 
(All results expressed as mg. iron per 100 g. dry substance unless otherwise stated). 
Before cooking After cooking 
In pot In can 
No. 
Foodstuff Detns. Range Average Range Average Range Average 
Maize on cob 6 2. 9-4.1 3.6 3.5-4.8 4.2 3 . 3-4.6 4 .0 
Maize meal porridge 6 3. 9-4. 5 4.3 4.7-9.2 7 .9 4.5-8 .1 6 .8 
(household) 
"Cow peas" 6 5.5-8.0 7 .6 19 .4-41. 6 29.9 12 . 5-33 .1 19 .4 
" Sugar beans" 6 5. 9-7 . 1 6.6 11.1-19 .9 16.7 9.6-21.8 13 .6 
TABLE II. Iron content of foodstuffs prepared for or by Bantu. 
Mine This Urban Rural 
Foodstuff Gaols Hospitals compounds Institute sources sources Average 
Whole maize 8.8 (5)• - - 6.9 (4) 8.1 (4) 6.9 (3) 7 . 5 
Maize meal porridge 8.2 (11) 15.0 (6) 9.1 (8) 7.1 (5) 7 .9 (6) 9.2 (7) 9.7 
Maize meal sour por- - 2.0 (5) 2.1 (10) 3 .4 (15) 2. 7 (10) 2.9 (9) 2.4 
ridge (per 100 ml.) 
Kaffir beer (per 100 ml.) - - 3 .8 (6) - 4.8 (5) 6 . 1 (5) 4.7 
Legumes 17.0 (9) - 12 . 2 (3) 11.1 (5) 11. 9 (8) 12.9 (5) 12.3 
• ( ) denotes number of samples. 
Iron content of prepared foodstuffs obtained from different sources. Iron was determined 
on samples of maize porridge, fermented porridge (marewa), kaffir beer, and beans, obtained 
from prisons, hospitals, mine compounds, this Institute, and from homes of urban and rural 
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Bantu. Results are given in Table II. Estimations of total iron intakes of different groups 
of subjects, calculated from Table II, and from knowledge of the amounts of the different 
foods consumed, are given in Table III. 
Iron content of Bantu stools and urines. Stools were collected from prisoners at the 
Gaol (7-day periods) and from mine labourers (3-day periods); their iron contents are given 
in Table IV. In addition, single stools were collected, with precautions against iron con-
tamination, from the countryside within an area of 25 miles around Johannesburg. The 
iron content of 56 stools ranged from 10 mg. to 360 mg. Twenty-four hour samples of 
urine were collected from (a) three gaol Natives, (b) five mine labourers, and (c) three Natives 
from this Institute, all known to be habituated to a high iron intake. Iron contents ranged 
from 0.05 mg. to 0. 7 mg. 
Determination of iron. Iron in foodstuffs and stools was determined by the thioglycollic 
acid method; and in urines by the thiocyanate method, as described by MCCANCE and 
SHIPP (1933) and MCCANCE et al. (1936) respectively. 
TABLE III. Iron content of daily diet of various Bantu groups. 
Number of Range of intake 
Source sources mg./diem 
Gaols 2 48-110 
Hospitals 2 35- 85 
Mine compounds 6 45-190 
This Institute 1 40-215 
Urban homes 5 35-185 
Rural homes 6 30-150 
TABLE IV. Iron content of stools collected for known periods. 
Period of observation Iron voided mg. per 
Number of subjects (days) diem 
Gaol 3 7 65-105 
Mines 4 3 50-160 
This Institute 2 1 75-145 
DISCUSSION 
The iron contents of the prepared foodstuffs obtained from different sources (Table II) 
confirm the results of our laboratory cooking experiments (Table I). Using data given in 
Table II, and knowing approximately the amounts of each foodstuff consumed, we have 
found the iron intake of the Bantu groups examined to range from 35 to 215 mg. per diem 
(Table III). 
The data on the faeces collected for known periods (Table IV) confirm the validity of 
high iron intakes. The iron contents of the stools collected from the countryside support 
our view of the commonness of the high intakes. 
The values for the 24-hour samples of urine are in harmony with the accepted view that 
the amount of iron excreted by the kidneys is negligible, even when the level of intake is 
several times higher than that of everyday experience (MCCANCE and WrnnowsoN, 1937). 
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While it is apparent that the different types of analysis undertaken could have been ex-
tended almost indefinitely, there would seem to be no point in carrying out further work, 
for (1) every kraal we have visited in the Transvaal, Natal, Bechuanaland and Swaziland, 
used iron pots or occasionally paraffin cans ; and (2) although iron kaffir pots are stated to 
last for several years, the local manufacturers estimate that their sale reaches half a million 
each year, - sold to a Bantu population of about 8 million. The widespread common-
ness of a high iron intake is therefore incontestible. Obviously, the level of iron intake 
depends on many factors,- seasonal and economic availability of foodstuffs, individual 
preferences, type of cooking utensils used, methods of preparation, appetite, and so forth. 
We do not, therefore, wish to attach too much importance to our actual figures ; but consider 
ourselves justified in believing, as mentioned in an earlier communication (WALKER and 
ARvIDSSON, 1950), that the iron intake of the South African Bantu is far higher than that of 
Europeans, that the intake often exceeds 100 mg. per diem, and occasionally even double 
that figure. 
What is likely to be the physiological effect of these frequent very high intakes of iron? 
Evidence to be described indicates that there is likely to be abnormal absorption of the element, 
which will be deposited and accumulated in various organs and tissues, thus giving rise to a 
particular type of siderosis. 
Excessive absorption of iron arising from high intakes of the element. With intakes of iron 
derived from everyday foods, i.e. up to, say, 45 mg. per diem, the amount absorbed is regu-
lated by the needs of the body (MCCANCE and WIDDOWSON, 1937 ; GRANICK, 1946). Daily 
losses of metabolized iron through the kidneys and from the intestines are virtually nil 
(MCCANCE and WIDDOWSON, 1937, 1943 ; HAHN et al., 1939). A small amount is stated to 
be lost in perspiration, though this is not agreed upon (MITCHELL et al., 1949 ; FINCH et al., 
1950 ; PEROSA et al., 1951). The drain from menstruation approximates to about 1 mg. per 
diem when spread over the whole whole cycle (FOWLER and BARER, 1936). Hence, the amount 
of iron required to be absorbed to replace these losses is only a few mg. per diem. 
With a high intake of iron, however, (such as occurs during iron therapy or, as in the 
present instance, from an adventitious source of the element), the regulatory mechanism 
described above no longer operates effectively, and considerable amounts of iron may be 
absorbed. Such iron is retained and not excreted (MCCANCE and WIDDOWSON, 1937, 1943). 
Little attention has been paid to this excessive retention in recent reviews on iron metabolism 
(GRANICK, 1949; HYNES, 1949; DARBY 1950; PIRRIE, 1950; LANCET, 1951). Examples 
to illustrate the retention are given in Table V. 
With the normal or non-anaemic subjects the data given confirm the conclusion reached 
by earlier observers, such as QuECKENSTEDT (1913), that with intakes of iron greater than are 
supplied with everyday foods, an abnormal amount is retained by subjects who are not in 
need of the element. Observations on one of the non-anaemic female patients of BROCK and 
HUNTER (1937) are illuminating, for presumptive evidence indicates that she retained almost 
8 g. iron during the 57 days when iron salts were ingested in therapeutic doses. 
Although primarily concerned with the response of normal subjects, it is interesting to 
note that while patients with hypochromic anaemia would be expected to make good their 
deficiency of iron in the presence of an ample supply, yet, in the studies cited (Table V), far 
more iron was retained than was required to restore haemoglobin levels to within normal 
limits. This finding, using radio-active iron, has been confirmed by DUBACH et al., (1948). 
Regarding the amount of iron retained,- the information given on Subject I of FOWLER 
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TABLE V. Retention of iron from high iron intakes. 
Period of Total iron Total iron 
observation Iron intake ingested retained 
Authority Subjects (days) (mg./day) (g.) (g.) 
Normal or non-anaemic subjects 
Brock and Hunter 2 females 6-10 0. 538-2 .409 3.228-21.680 0. 343-1. 034 
(1937) 2 males 
ages 7-30 years 
Widdowson and 2 females 36-46 0. 975-1. 371 44.850-61.432 1. 510-5. 031 
McCance (1937) 2 males 
ages 21-29 years 
Gram and 82 females 14• 0.110 1.540 0.125-0.175 
Leverton (1951) ages 18-42 years 
Subjects with hypochromic anaemia 
Brock and Hunter 4 females 9-12 0.374-1.253 3.366-11.280 0. 639-2 .491 
(1937) 1 male 
ages 16-55 years 
Fowler, Barer and 6 females 6-29 0.170-0. 244 1 . 020-4. 930 0.157-1.480 
Spielhagen (1937) ages 21-46 years 
Fowler and Barer 9 females 6-54 0.500 3.000-22.000 1 . 088-8. 854 
(1937) 1 male 
ages 26-49 years 
• Period of treatment 28 days, balance observations being undertaken during the last 14 days only. 
and BARER (1937) suggests that ' during iron therapy she retained about 12 g. iron over a 
period of 94- days ; moreover, at the end of the period of observation long after her physio-
logical needs had been met, she was still retaining iron at a high rate. 
To summarize,- normal subjects, also anaemic subjects have been shown to retain an 
excessive amount of iron when ingesting abnormally high doses of the element. With the 
subjects observed, the amount retained reached several grammes. One concludes, therefore, 
that the usual response to an abnormally high iron intake is an excessive retention. In other 
words, under such conditions of intake, the regulatory mechanism, whi.ch is so effective with 
everyday levels of intake, (i.e. the "mucosa! block" of GRANICK (194-6)), ceases to operate. 
PREDICTION OF IRON OVERLOAD PICTURE IN SOUTH AFRICAN BANTU. 
For abnormally high retentions to occur, it is essential that the iron intake must occasion-
ally exceed the level where the mucosa! block no longer operates satisfactorily. For white 
people, relevant information has been given by DEBACH et al. (194-8), who studied the ab-
sorption of radio-iron in 10 normal subjects. Total iron intakes were maintained at 1 mg. 
per kg. body weight,- i.e. about 60-70 mg. for an adult male or female of average weight. 
Of the iron absorbed, the data given suggest that nine of the 10 subjects absorbed a portion of 
iron which was not utilized in haemoglobin formation, this portion averaging 7 per cent. of 
the iron intake. Unrequired iron, therefore, was "packed" into the body at the level of iron 
intake used. In addition, the balance observations of GRAM and LEVERTON (1951), given 
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in Table V, show that abnormal absorption occurred at an intake of about 110 mg. iron per 
diem. Such levels of intake are certainly higher than are usually encountered in practical 
nutrition, yet they are lower than often occur with the Bantu. Provided that the response of 
these people to a high iron intake is the same as that of white subjects, then it would seem 
inevitabie that occasional abnormal retention results, with intermittent deposition and slow 
accumulation or overload of the element occurring in the body. 
Bearing in mind the dietary habits of the Bantu, it is possible to forecast what should be 
the consequences of the overload. 
(1) Abnormal deposition should be very common and widespread. Various observers (STRACHAN, 
1929; GILLMAN et al., 1945a; HIGGINSON et al., 1953) have commented on the commonness of such 
deposition; the last-quoted workers have noted its occurrence in about half of all Bantu adults in Johan-
nesburg examined at necropsy. Siderosis has been observed not only in Natives from the Union, 
but from the Rhodesias, Bechuanaland, Swaziland and Mocambique. 
(2) It should be rare in the young, should affect males possibly more than females, and should 
increase with age. The above mentioned workers have shown that this is so. 
(3) Abnormal deposition of iron should not be associated with any particular disease or state of 
health. GILLMAN et al. (1945a) found it almost equally common in patients with pellagra, with cirrhosis, 
and in subjects dying from trauma and enjoying apparently good outward health. HIGGINSON et al. 
(1953), from examination of 296 necropsies, concluded that the primary disease bore no relation to 
the presence or extent of the siderosis observed. 
(4) Occasionally the deposition should be very intensely displayed. GILLMAN et al. (1945a) 
found as much as 5 .4 per cent. iron dry weight in the liver of patients,-50-100 times the average amount 
present in non-siderotic livers. HIGGINSON et al. (1953) have confirmed this finding; moreover, 
they have found as much as 10.5 per cent. iron in a spleen-about 70-80 times the average amount 
normally present. 
(5) Concerning the morbid anatomical distribution of iron in iron overload, there are no data 
published for man. But various studies have been undertaken on animals and the combined evidence 
shows that in severe experimentally-induced iron overload, the spleen is most affected, followed by the 
liver; smaller concentrations are found in the kidney, but only traces in the pancreas, thyroid and 
heart. The animals studied include mice (CAPPELL, 1930), rats (KINNEY et al., 1949; HEGSTED et al., 
1949; FINCH et al., 1950), rabbits (Rous and OLIVER, 1918; POLSEN, 1933) and dogs (FINCH et al., 
1950; BROWN et al., 1950). This pattern of distribution is precisely what is observed chemically 
and histologically in Bantu siderosis (HIGGINSON et al., 1953). 
(6) Hypochromic anaemia should be very rare in a population with high iron intake and high 
reserves of the element. Several local observers (SQUIRES, 1949; MURRAY, 1953; Foy and KONDI, 
1952) have testified to the extreme rarity of this type of anaemia. 
(7) Increase of iron in the serum should be occasionally observed when iron stores are very 
excessive, as in haemochromatosis and transfusional siderosis (SHELDON, 1935; KARK, 1937). Such 
increase has been reported among the Bechuanaland Bantu by SQUIRES (1952). His observations 
have been confirmed by GERRITSEN and WALKER (1953a, c) who found serum iron values often exceeding 
the figures reported for the above diseases. In certain groups (in contrast to haemochromatosis and 
transfusional siderosis), elevations of total iron binding capacity have been found, though in no case 
has saturation of the iron binding protein been observed. 
(8) The validity of a habitually high iron intake and the presence of high iron stores in women 
may be checked by comparing their haemoglobin and haematocrit values at the beginning and end of 
pregnancy. LUND (1951) and BENSTEAD and THEOBALD (1952) found that when iron was administered 
to non-anaemic pregnant white women, no change was observed in the above two values, in contrast 
to the usual fall reported as pregnancy progresses. Interestingly enough, it has been found that on 
comparing the above data in the first and second half of the pregnancy period of Bantu women, no 
significant change occurs (GERRITSEN and WALKER, 1953b). 
In all the above respects the predicted consequences of oral iron overload have been 
remarkably closely observed. It would seem reasonable, therefore, to consider that the 
habitually high iron intake of these people is the primary cause of the siderosis. 
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But there is, however, a number of conditions or states of ill health that promote or are 
accompanied by siderosis. These include : 
(1) Iron administered intravenously; 
(2) Causes other than haemochromatosis and malnutrition; 
(3) Classical or idiopathic haemochromatosis; and 
(4) Starvation or malnutrition. 
( 1) Siderosis from iron administered intravenously. Iron administered intravenously 
(either as iron salts or as haemoglobin) is retained and not excreted. In the Bantu, however, 
such therapy is so infrequent that its share in the responsibility for the siderosis can be neg-
lected. 
(2) Siderosis due to causes other than haemochromatosis and malnutrition. PETERS (1882) 
listed several diseases in which a measure of siderosis, usually mild, occurs. Contemporary 
textbooks on patholgy, that of BOYCE (1892), for example, referred to the siderosis present in 
pernicious anaemia, malignancy, cirrhosis, prolonged fever, and malaria. Among the Bantu, 
pernicious anaemia is extremely rare. Malignancy although not uncommon, is clearly not 
responsible for the commonness of abnormal iron deposition. Siderosis accompanying 
cirrhosis is reported to occur frequently among the white population(NEWMAN, 1933 ; HERBUT 
and TAMAMKI, 1946 ; ZIMMERMAN et al., 1950 ; KALK, 1950) ; but apparently, it does not 
occur, apart from the Bantu, in non-white cirrhotics. Among the Bantu, about half of the 
sufferers from cirrhosis show siderosis ; yet, the latter is often present to an intense degree 
in the absence of cirrhosis. On this account, GILLMAN et al. (1945a), do not believe that the 
cirrhosis and the siderosis ( cytosiderosis) are related causally ; they prefer to regard the latter 
as a distinct entity. 
Among the Bantu, the only common haemolytic disease is malaria which is endemic in 
many parts of Southern Africa. Of the four malarial livers examined by GILLMAN et al. 
(1945a), only small amounts of excessive iron were present. Moreover, very few typical 
malarial livers were observed in the cirrhotics, pellagrins, and others examined 
postmortem by these workers, who therefore concluded that malaria certainly could not 
account for the commonness of siderosis among the Bantu examined. SHELDON (1935) 
thought that the intravascular haemolysis from schistosome infestation might well account 
for the abnormal iron deposition among the Bantu ; GILLMAN et al (1945a), however, have 
shown that this view is untenable. Infection, septicaemia, and burns at first sight seem 
likely as a contributing cause of siderosis, for in the 36 siderotics detailed by GILLMAN et al. 
(1945a), these conditions were responsible for 11 deaths. But in many of the subjects, the 
amount of iron in the liver far exceeded what could be accounted for from destruction of 
erythrocytes. The infections, etc. mentioned in this section can, therefore, be regarded 
only as aggravational or conditioning factors. 
(3) Siderosis due to or accompanying haemochromatosis. Among the Bantu, in common 
with many population groups inhabiting tropical and semitropical countries, hepatic enlarge-
ment and cirrhosis are frequently observed (GILLMAN et al., 1945a). When such occur 
simultaneously with abnormal deposition of iron, the diagnosis of haemochromatosis merits 
consideration (SHELDON, 1935). But HIGGINGSON et al. (1953) have noted many points of 
difference between idiopathic or classical haemochromatosis and the deposition of iron 
observed in the Bantu. The main points may be summarized as follows :-
(a) In the Bantu, iron storage occurs principally in the reticulo-endothelial system and liver; 
not until heavy deposits are present in the liver does the element appear in the epithelial tissues. This 
basic pattern continues to be observed, even in severe cases. By contrast, in idiopathic har:mochrom-
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atosis, iron storage, even in the early stages, is believed to be mainly parenchymal. In Bantu siderosis, 
a striking feature is the absence or only slight presence of pancreatic pigmentation; this contrasts 
with the heavy and invariable pigmentation of this organ in haemochromatosis. 
(b) Hepatic fibrosis, invariably present in haemochromatosis, is often absent in siderosis in the 
Bantu, even in severe cases. 
(c) Diabetes, present in four-fifths of cases of haemochromatosis, is very rare in Bantu with sider-
osis. 
These and other points of difference lead to the conclusion that classical haemochromatosis* is 
not involved in the phenomenon so frequently displayed by the Bantu. 
(4) Malnutrition as a cause of siderosis. Evidence from animal experiments will be 
described first. VIGLIANI (1931) found that when rats were starved or fed on a vitamin 
deficient diet, extensive deposits of haemosiderin were produced in the spleen, liver, and 
and lymph glands ; these deposits, he attributed to increased haemolysis. 
More recently, the Harvard workers (KINNEY et al., 1949; HEGSTED et al., 1949; FINCH 
et al., 1950) have reported that when rats fed on an adequate diet to which 2 per cent. iron 
citrate (0.4 per cent. iron) was added, slight siderosis occurred. On a diet which contained 
80 per cent. maize or rice and 20 per cent. lard, but without added iron, slight siderosis 
occured ; when, however, the supplement of iron citrate was included, the siderosis was 
greatly increased. Repetition of the experiments on dogs showed that they responded in a 
similar manner. In the rat experiments, it was found that the low phosphorus content of the 
iron-supplemented maize diet was primarily responsible for the abnormally high iron ab-
sorption ; for the latter could be reduced by adding phosphate salts to the diet. It is interest-
ing to note, however, that prolonged feeding to rats of the main constituents of a common 
Bantu diet, consisting of maize meal porridge and sour milk, did not give rise to an excessive 
deposition of iron (GILLMAN et al., 1945b). 
Another type of inadequate diet - one deficient in pyridoxine, - has been observed 
to increase the absorption of iron in both pigs and rats (CARTWRIGHT et al., 1944 ; GUBLER 
et al., 1949). 
Evidence available from animal experiments thus shows that under certain conditions : 
(a) particular types of inadequate diet allow an abnormal absorption of iron to occur; 
(b) on such diets, excessive absorption may be greatly increased by a high intake of iron; and 
(c) siderosis can occur on an adequate diet, provided the iron intake be raised to a sufficiently 
high level. 
Among starved or chronically undernourished people, it has been observed that varying 
though apparently small amounts of haemosiderin are present in the liver (KEYES et al.,1950 ; 
McCANCE et al., 1951 ; AOKI and NAKAMURA, 1952). In the Wuppertal study (MCCANCE 
et al., 1951 ), it was suggested that the presence of the iron pigment indicated the excess of 
the element ( derived from haemolysis) over requirement. In the Japanese investigation 
(AOKI and NAKAMURA, 1952) the presence of the iron pigment was ascribed to intravascular 
haemolysis from tissue breakdown. Abnormal iron deposition has also been reported in the 
spleen of starved or chronically undernourished people ; here again, this result has been 
attributed to increased destruction of erythrocytes (KEYES et al., 1950 ; AOKI and NAKAMURA, 
1952). In spite of the many relevant published observations referred to by the groups of 
workers cited, no data are available concerning the actual amount of iron abnormally depo-
sited in any particular organ or tissue. 
Under lesser conditions of deprivation, i.e. chronic malnutrition rather than under-
• In a previous publication, the term haemochromatosis was used erroneously- (W ALh."l!R and 
ARVIDSSON, 1950); the term haemosiderosis was intended. ' 
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nutrition, siderosis does not seem to have been reported. Where considerable excess of iron 
pigment present in, say, the liver of such people, the element could hardly be missed com-
pletely, for so many careful histopatholigical studies have been undertaken in Eastern 
countries; e.g. in India (HUGHES, 1933 ; TIRUMURTI and RAo, 1934; VELIATH and SRIN-
VASACHER, 1951), Ceylon (FERNANDO et al., 1948), Japan (ScHITKER et al. , 1951) and Indonesia 
(STRAUB and SCHABERG, 1950). Absence of reports does not, of course, establish that in-
tense siderosis does not occur among chronically malnourished people, but lack of evidence 
gives the impression that malnutition per se, is not responsible for the siderosis produced so 
markedly in the South African Bantu. 
The finding that a low phosphorus diet promotes the absorption of iron in rats (KINNEY 
et al., 1949; HEGSTED et al., 1949), can scarcely have a bearing on siderosis in the Bantu, 
for the nature of their diet is such that their intake. of phosphorus is unusually high (WALKER, 
1951). 
Although it is clear that the various conditions and diseases just discussed can cause or 
be accompanied by abnormal iron deposition, it is considered that they play little part in the 
type of siderosis under discussion. 
While it would seem reasonable to suspect that the abnormally high iron intake of the 
Bantu is the primary cause of the widespread siderosis, before the authors' theory can be 
accepted it will be essential to establish that the people habituated to a high iron intake are 
precisely those in whom abnormal iron deposition occurs. This will obviously be a very 
difficult matter where individuals are concerned. If one deals with limited regional popu-
lation groups, however, progress may be made in the following manner. 
FACTORS DETERMINING THE OCCURRENCE OF IRON OVERLOAD IN AN AFRICAN POPULATION 
Previous considerations concerning the iron intake factor have been general, so that 
it must be stressed that even in an area where it is usual for iron vessels to be used, and where 
fermented preparations are popular, a wide variation in the incidence and intensity of the 
overload occurring is to be expected. For, first, subjects, even when ingesting the same 
amount of iron, vary enormously in their individual capacity to retain the element (Table V). 
Second, fermented preparations, even when made within a particular locality, have been 
found to vary quite widely in iron content, according to the method of preparation employed. 
Third, even in an area where it is known that fermented preparations are popular, individual 
consumption habits naturally vary considerably. Fourth, the iron contribution from plant 
ashes and edibible earths consumed in parts of Central and Southern Africa (ORR and GILKS, 
1931 ; BARKER, 1943), can make a big difference to the level of total iron intake. 
Of the non-dietary factors, siderosis from haemolysis in malaria has been touched upon 
already. Available evidence suggests that, apart from severe cases, such siderosis is likely 
to be mild. Of much greater importance is the blood loss (and hence, iron loss), from para-
sitic diseases (GILLMAN and GILLMAN, 1950) which, in the African, occur mainly with hook-
worm and bilharzia! infestations. In this laboratory it has been found that adults suffering 
severely from vesical schistosomiasis, have a blood loss much smaller than is usually supposed, 
a maximum of 6 ml. blood per diem was lost when eight subjects were observed over 10 
consecutive days (GERRITSEN et al., 1953). With hookworm infestation, however, the position 
is different. Using data given by WELLS (1931) a relatively mild infestation of, say, 50 worms 
can give rise to a calculated blood loss of 40 ml., i.e. about 20 mg. iron per diem. We are 
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not satisfied with the validity of the equation used, and an investigation to study the actual 
blood loss in human patients with hookworm, using radio-iron, has been initiated. Never-
theless, it is well known that the chronic haemorrhage from hookworm infestation can cause 
severe hypochromic anaemia ; hence, in areas where hookworm infestation is common, the 
blood loss could nullify any tendency for iron overload from high iron intake. Hence, where 
hookworm infestation is widespread and severe, its presence is incompatible with frequent 
occurrence of siderosis. A further point to be considered is the bearing of siderosis on the 
incidence of iron deficiency anaemia. Abnormal iron stores, even in haemochromatosis, are 
available for haemoglobin formation (FINCH et al., 1950), so that where siderosis is common, 
iron deficiency anaemia should be rare. The converse to this statement is that according to 
studies undertaken by RATH and FINCH (1948), anaemia responsive to iron therapy cannot co-
exist with siderosis. 
The above points may be combined to serve as a test of whether, in a given region, iron 
overload is likely to be common or otherwise. Thus, if it can be shown that a high intake 
of iron prevails in an area, and that serious chronic blood loss does not occur, then iron 
deficiency anaemia should qe rare and iron overload common and occasionally intense. Con-
versely, if in a given area infestation by hookworm is severe and widespread, and iron deficiency 
anaemia common, then iron overload should be rare, even in the presence of a high iron intake. 
The testing out of this generalization will be the subject of another paper, but the following 
examples illustrate briefly the manner in which it is hoped to apply the test in various regions 
south of the Equator: 
Witwatersrand. The iron intake is frequently high (WALKER and ARvrnssoN, 1950). 
Parasitic infestation involving blood loss need not be reckoned with ( de MEILLON, 1953). 
Iron deficiency anaemia is very rare (MURRAY, 1953; FoY and KONDI, 1952). Iron overload 
should therefore be very common-and this is the case. 
Southern Bechuanaland. Our iron determinations undertaken on prepared foodstuffs, 
and also on stools, indicate that the iron intake is frequently high. According to de MEILLON 
(1953), the incidence of hookworm is low. SQUIRES (1949) and Foy and KoNDI (1952) 
maintain that iron deficiency anaemia is rare. The phenomenon of iron overload should 
therefore be common. SQUIRES (1953) has noted that rust-coloured livers are seen occasion-
ally at necropsy; livers of three adults examined at this laboratory contained O. 5-1. 5 per 
cent. iron ( dry weight). Of 10 young adult males coming to necropsy and recruited from 
Bechuanaland for service in the Gold Mines, histological evidence showed abnormal deposits 
of iron in nine of the subjects (HIGGINSON, 1953). Elevations of serum iron and total iron-
binding capacity of the serum globulin have been reported among these people (SQUIRES, 
1952; GERRITSEN and WALKER, 1953c). 
Uganda. Fermented cereal preparations are made by the Natives. TROWELL and 
DAVIES (1951) state that while aluminium pots are favoured, both kaffir pots and paraffin 
cans are also used. These authors, however, have no knowledge of the iron intake of the 
general population. The important point is that hypochromic anaemia is probably the 
commonest pathological condition occurring among hospital patients, whose blood picture 
improves when they receive a small dose of iron (TROWELL, 1939; LEHMANN, 1949, 1951). 
Bearing these points in mind, then according to the authors' theory, siderosis in hospital 
patients coming to necropsy would not be expected to be evident. DAVIES and TROWELL 
(1951) maintain that such siderosis is not observed. 
It is probable that the generalization employed over-simplifies the subject; nevertheless, 
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it is submitted that confirmation of the iron overload theory can be reached cmly by the 
accumulation of accurate information on the aspects discussed; and as previously mentioned, 
research work on these and other relevant lines is proceeding. 
PATHOGENICITY OF SIDEROSIS 
The final point to be discussed concerns the question of whether the presence of ab-
normally high iron stores is pathological per se. In various studies on mice (CAPPELL, 1930), 
rats (FINCH et al., 1950), rabbits (Rous and OLIVER, 1918; POLSON, 1933), and dogs (FINCH 
et al., 1950; BROWN et al., 1950), experimentally induced severe oral iron overload has not 
caused cirrhosis, nor dysfunction of the liver, spleen, pancreas, or other organ. In man-
the subjects referred to in Table V were known to have retained several grammes of iron; 
yet, no subsequent ill effects were reported. Furthermore, authoritative physicians of the 
past, like OSLER (1906), were emphatic that no ill effects attended prolonged iron therapy; 
the same view is held today, even though at present doses of iron are larger than they were 
in Osier's time (WILKINSON, 1950). In the Bantu, there is no evidence to show that the iron 
overload is detrimental to well-being. While it cannot be excluded that the presence of 
excessively high iron stores is ultimately pathological, current evidence provides no support 
for this possibility. 
SUMMARY 
(1) Among the South African Bantu, the intake of iron is often very high-as much as 
200 mg. per diem. This high intake is due mainly to the uptake of the element from iron 
utensils occuring during the preparation of their usual foods (particularly fermented cereal 
products). 
(2) Published experimental evidence suggests that this level of iron intake is sufficiently 
high to o_vercome the " mucosal block " or the regulatory mechanism operating at everyday 
levels of intake, and allow unrequired iron to be absorbed, deposited and accumulated in 
the organs and tissues of the body. 
(3) Observations by several workers show that excessive deposition of iron does, in fact, 
occur frequently; and that the incidence, age and sex affected, the morbid anatomical distri-
bution of the element, and other characteristics, are all such as might be predicted to arise 
from oral iron overload. 
(4) Although several conditions can cause or be accompanied by abnormal iron depo-
sition-discussion suggests that intravenous iron, excessive destruction of erythrocytes, 
idiopathic haemochromatosis, and malnutrition, play little part in the siderosis observed in 
the Bantu. 
(5) It is submitted that the abnormal deposition of iron in these people is due prim-
arily to their habitually high iron intake. No lesion of the digestive tract or any other organ 
need be invoked to account for it. Furthermore, there appears to be no evidence that iron 
overload per se is detrimental to well-being. 
REFERENCES 
AOKI, T. & NAKAMURA, I. (1952) . Keijo J. Med., 1, 1. 
BARER, A. P. & FOWLER, W. M. (1936). Amer. J. Obstet. Gynec., 31, 979. 
BARKER, J. (1943). E. Afr. med. J., 8, 212. 
BENSTEAD, N. & THEOBALD, G . W. (1952). Brit. med. J., 1, 407. 
BOYCE, Sir R. W. (1892). A Textbook of Morbid Histology. London : Lewis. 
A. R, P. WALKER AND ULLA B. ARVIDSSON 547 
BROCK, J. F. & HUNTER, D. (1937). Quart. J. Med., 6, 5. 
BROWN, E. B., MooRE, C. V., RAYNAFARJE, C. & SMITH, D. E. (1950). J. Amer. med. Ass., 144, 1084. 
CARTWRIGHT, G. E., WINTROBE, M. M. & HuMPHREYS,. S. (1944). J. biol. Chem., 153, 171. 
CAPPELL, D. F. (1930). J. Path. Bact., 33, 175. 
DARBY, W. J. (1950). J. Amer. med. Ass., 142, 1288. 
DAVIES, J. N. P. & TROWELL, H. C. (1951). Brit. med. J., 1, 1514. 
DE MEILLON, B. (1953). Private communication. 
DUBACH, R., CALLENDER, S. T. & MooRE, C. V. (1948). Blood, 3, 526. 
FERNANDO, P. B., MEDONZA, 0. R. & RAJASURIYA, P. K. (1948). Lancet, 2, 205. 
FINCH, C. A., HEGSTED, M., KINNEY, T. D., THOMAS, E. D., RATH, C. E., HASKINS, D., FINCH, s. & 
FLUHARTY, R. G. (1950). Blood, 4, 983. 
FOWLER, W. M. & BARER, A. P. (1937). Arch. intern. Med., 59, 561. 
--, -- & SPIELHAGEN, G. F. (1937). Ibid., 59, 1024. 
FoY, H. & KoNDI, A. (1952). Private communication. 
GERRITSEN, TH., WALKER, A. R. P., DE MEILLON, B. & YEO, R. M. (1953). Trans. R. Soc. trop. med. 
Hyg., 47, 134. 
--- & --- (1953a). Nature, Lond., 171,699. 
--- & --- (1953b). J. clin. Invest., in press. 
-- & -- (1953c). S. Afr. med. J., 27, 577. 
GILLMAN, J . & GILLMAN, T. (1948). Lancet, 1, 169. 
---&--- (1951). Perspectives in Human Malnutrition. New York: Grune and Stratten. 
---, MANDELSTAM, J. & GILLMAN, T. (1945a). S. Afr. J. med. Sci., 10, 109. 
---, --- & GILBERT, C. (1945b). Brit. J. exp. Path., 26, 67. 
GRAM, M. R. & LEVERTON, R. M. (1951). Fed. Proc., 10, 383. 
GRANICK, S. (1946). Science, 103, 107. 
-- (1949). Bull. N. Y. Acad. Med., 25, 403. 
GUBLER, C. J., CARTWRIGHT, G. E. & WINTROBE, M. M. (1949). J. biol. Chem., 178,989. 
HAHN, P. F., BALE, W. F., RETTIG, R. A., KAMEN, M. D., & WHIPPLE, G. H. (1939). J. exp. Med., 
70,443. 
HEGSTED, G. M., FINCH, C. A. & KINNEY, T. D. (1949). Ibid., 90, 147. 
HERBUT, P. A. & TAMAKI, H. T. (1946). Amer. J. clin. Path., 16, 640. 
HIGGINSON, J. (1953). Private communication. 
---, GERRITSEN, TH., WALKER, A. R. P. (1953). Amer. J. Path., in press. 
HUGHES, T. A. (1933). Indian J. med. Res., 21, 353. 
HEYNES, M. (194$). J. clin. Path., 1, 57. 
KALK, H. (1950). Dtsch. med. Woch., 75, 225. 
KARI{, R. M. (1937). Guys Hosp. Reps., 87, 343. 
KEYS, A., BROZEK, J. , HENSCHEL, A., MICHELSEN, 0. & TAYLOR, H. L. (1950). The Biology of Human 
Starvation. Minneapolis: University of Minnesota Press. 
KINNEY, T. D., HEGSTED, D. M. & FINCH, C. A. (1949). J. exp. Med., 90, 137. 
LANCET, EDITORIAL, THE BODY'S IRON (1951). Lancet, 1, 838. 
LEHMANN, H. (1949). Lancet, 1, 90. 
--- (1951). Trans. R. Soc. trop. Med. Hyg., 44, 759. 
LUND, C. J. (1951). Amer.J. Obstet. Gynec., 62,947. 
MCCANCE, R. A. & SHIPP, H. L. (1933). Spec. Rep. Ser. med. Res. Coun., Lond., No. 187. 
---, WIDDOWSON, E. M., & SHACKLETON, L. R. B. (1936). Ibid., No. 213. 
---&--- (1937). Lancet, 2,680. 
--- & --- (1943). Nature, Lond., 152, 326. 
--- and co-authors (1951). Spec. Rep. Ser. med. Res. Coun., Lond., No. 275. 
MACKAY, H. M. M., DOBBS, R. H. & BINGHAM, K. (1945). Arch. Dis. Childh., 20, 56. 
MITCHELL, H. H. & HAMILTON, T. S. (1949). J. biol. Chem., 178, 345. 
MURRAY, J. F. (1953). Private communication. 
NEWMAN, C. (1953). Lancet, 1, 896. 
ORR, J.B. & GILKS, J. L. (1931). Spec. Rep. Ser. med. Res. Coun., Lond., No. 155. 
OSLER, W. (1906). The Principles and Practice of Medicine. 6th Ed. London: Appleton. 
PEROSA, L. M., DELL'AQUILA, M. D., & BINI, L. (1951). Boll. Soc. ital. Biol. sper., 27, 919. Quoted 
from Nut. Abstr. Rev., 22, 469, 1952. 
PETERS, A. (1882). Quoted from HUNTER, W. (1888). Lancet, 2, 608. 
PIRRIE, R. (1950). Glasgow med. J., 31, 397. 
POLSON, C. (1933). Brit. J. exp. Path., 14, 73. 
QUECKENSTADT, A. (1913). Z. klin. Med., 79, 49. Quoted from McCLURE, C. W. (1918). Arch. 
intern. Med., 22, 610. 
548 IRON " OVERLOAD " IN THE BANTU 
RATH, C. E. & FINCH, C. A. (1948). J. lab. clin. Med., 33, 81. 
Rous, P. & OLIVER, J . (1918). J. exp. Med., 28, 629. 
SCHNITKER, M. A., MATTMAN, P. E. & Buss, T. L. (1951). Ann. intern. Med., 35, 69. 
SHELDON, J. H. (1935). Haemochromatosis . London: Oxford University Press. 
SQUIRES, B. T. (1949). The Feeding and Health of African school-children. Cape Town Sch. Afr. 
Studies. New Ser. No. 20. 
-- (1952). S . Afr. J. med. Sci., 17, 1. 
--- (1953). Private communication. 
STRACHAN, A. S. (1929). Haemosiderosis and Haemochromatosis in South African Natives, with a 
Comment on the Aetiology of Haemochromatosis. M. D. Thesis. Glasgow. 
STRAUB, M. & SCHABERG, A. (1950). Doc. neer. Indones. Morb. trop., 2, 238. Quoted from Nut. 
Abstr. Rev., 20, 1003, 1950. 
TIRUMURTI, R. B. T. S. & RAo, M. V. R. (1934). Indian med. Gaz., 69, 74. 
TROWELL, H. C. (1939). E. Afr. med. J ., 15, 402. 
VELIATH, G . D. & SRINIVASACHAR, S. (1951). J. Indian med. Ass., 20, 271. 
VIGLIANI, F. (1931). Arch. ital. Biol., 85, 134. Quoted from SHELDON (1935). 
WALKER, A. R. P. (1951). Brit. med.J., 1,819. 
--- & ARvrnssoN, U. B. (1950). Nature, Lond., 166, 438. 
WELLS, H. S. (1931). J. Parasit., 17, 167. 
WIDDOWSON, E. M. & MCCANCE, R. A. (1939). Biochem. J., 31, 2029. 
WILKINSON, J. F. (1950). In British Encyclopaedia of Medical Practice. 2nd Ed., 1, 436. 
ZIMMERMAN, H.J., MCMURRAY, F. G., RAPPAPORT, H. & ALPERT, L. K. (1950). J. lab. clin. Med., 
36, 912. 
Printed in Great Britain by F. J. PARSONS LTD. , London, Folkestone and Hastini:s. 
Reprinted from 
TRANSACTIONS OF THE ROYAL SOCIETY OF TROPICAL MEDICINE AND HYGIENE. 
Vol. 50. No. 1. pp. 102-103, 1956. 
" BANTU SIDEROSIS " 
Srn,- We have been much interested in the paper by Dr. M. Gelfand on Bantu siderosis 
in Southern Rhodesia (Transactions, 49, 370), since we have also carried out several studies 
on this subject in South Africa. Dr. Gelfand has found much the same anatomical .distri-
bution of iron as we have noted here, namely, the conc~ntration is high in the spleen and liver, 
yet low in the heart, pancreas and suprarenals. Dr. Gelfand also confirms that there is 
no correlation between presence or degree of siderosis and clinical state. 
There are, however, a number of points raised by Dr. Gelfand which we would like to 
comment on. 
Iron pots. The mere use of iron pots for food preparation is insufficient to cause siderosis. 
In our view, the main causative factor in iron " overload " in the Bantu is the large con-
sumption of acid fermented cereal foodstuffs prepared in iron vessels, whereby the total iron 
intake is raised to as much as 200 mg. per diem. 
Maize. Despite conclusions reached from various studies on rats and other small 
animals, we consider that in man there is no satisfactory evidence that the type of cereal 
consumed is relevant to the causation of the siderosis. 
Absence of siderosis in Uganda. Dr. Gelfand quotes us as saying that " the rarity of 
siderosis in Uganda would appear to be due to the fact that this excessive iron loss" (from 
parasitism) " is counterbalanced by a high iron intake." What we maintained was, that 
in Uganda the important point is that iron deficiency anaemia is very common, and that, 
as expected, siderosis is not observed. The precise position, however, cannot be discussed 
satisfactorily until the habitual range of iron intake of the Uganda Bantu is accurately known. 
Hypochromic anaemia and siderosis. Dr. Gelfand rightly quotes us as believing that 
where siderosis is common, hypochromic anaemia is rarely found. American and British 
workers have clearly shown that anaemias in which haemosiderin is observed in the bone 
marrow do not respond to iron therapy. (In an unpublished study, we have described a 
close correlation obtaining between hepatic, splenic, and vertebral body iron concentrations). 
In our series of 1,500 postmortems and of about 500 liver biopsies, in only one instance have 
we noted siderosis in a patient suffering from hypochromic anaemia, but whose response 
to iron therapy we were, unfortunately, unable to study. Dr. Gelfand refers to the common-
ness of hypochromic anaemia in Africans in Southern Rhodesia ; we would be most interested 
to know what information he has on patients with co-existing hypochromic anaemia and 
siderosis, and of the nature of their response to iron therapy. In South Africa, hypochromic 
anaemia is not common, either among local hospital populations, or among numerous groups 
of men, women, and children studied in several rural regions who were not in hospital. 
Siderosis and bilharzia. We do not agree that bilharzia, in the absence of hookworm 
infestation, is of relevance in siderosis. Our published studies of blood loss in bilharzia 
in adults, and, more recently, our unpublished studies on children, testify to the smallness 
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of the blood loss in such infestations. Furthermore, we have noted bilharzial infestation 
in about a quarter of Bantu adults in whom siderosis was present. 
The causation of siderosis. Dr. Gelfand has reservations about the validity of the iron 
" overload " hypothesis. His quotation from Whitby is not apposite, for the latter was 
referring to every day levels of iron intake, and not to therapeutic or excessively high levels. 
Briefly, the iron "overload" theory rests on three cardinal points : (1) An abnormally high 
intake of iron is widespread throughout much of Southern Africa ; (2) A high iron intake 
(say over 100 mg. per diem) invariably causes a high absorption of the element ; and (3) such 
iron, once absorbed, is retained : excretion is negligible. Since (1) and (3) are incontestable, 
and since (2) has been demonstrated in all relevant studies (including radio-iron studies) 
yet undertaken, the theory cannot be otherwise than accepted. We are satisfied that the 
theory accounts for, or is in consonance with, the evidence on siderosis as seen in South 
Africa. However, like any other working theory, it will have to be rejected or modified 
upon the production of evidence which conflicts with it. In this connection Dr. Gelfand's 
observation of siderosis being common among Bantu infants and young children is most 
important, and it certainly is in contradiction to the " overload" theory, and is at variance 
with relevant observations in South Africa. 
Siderosis in Bantu inf ants and young children. Histo-pathological and chemical studies 
by three independent groups of workers on the Rand have indicated the great rarity of siderosis 
in very young Bantu subjects. Determinations reveal Bantu livers to be low not high, in 
iron. Furthermore, despite elevated iron concentrations in maternal serum, we have not 
found elevated values in the iron concentration of Bantu breast milk. The thought struck us, 
is it not possible that infant hepatic iron compared with adult liver iron, is unmasked more 
easily ? In other words, is it possible for infant livers to give a positive Prussian blue reaction 
on naked-eye examination and yet have iron concentrations within the normal range ? To 
throw light on the question, we obtained livers from two Bantu infants who died at 10 days 
and 6 months respectively. Both gave a positive Prussian blue reaction within 5 minutes 
in the cold, yet the iron concentrations were 0.030 and 0.026 per cent. iron dry weight, 
respectively, values on the low side of nonJ!al range. Histo-pathologically, the negligible 
amount of haemosiderin noted in these two livers bore no relation whatever to the strongly 
positive naked-eye Prussian blue reaction observed on gross specimens. It is clear, therefore, 
that a naked-eye positive Prussian blue reaction on a gross specimen does not necessarily 
indicate siderosis in Bantu infants. In the light of these observations we do not regard Dr. 
Gelfand's findings as invalidating the iron " overload" theory. The Prussian blue test 
has significant value only if iron in all tissues and at all ages is equally demonstrable, when 
equally present. This aspect has not been investigated and can be solved only by studying 
under the conditions described, the relationship between naked-eye observation of Prussian 
blue reaction, histo-pathological assessment, and iron concentration determined chemically. 
A. R. P. WALKER, 
Human Biochemistry Research Unit, 
South African Institute for Medical Research, Johannesburg, 
and Council for Scientific and Industrial Research. 
J. HIGGINSON, 
Pathology Department, Baragwanath Non-European Hospital, and 
South African Institute for Medical Research, Johannesburg. 
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SIDEROSIS IN THE SOUTH AFRICAN BANTU 
Srn,-At present, there is considerable interest in 
dis ,ses and conditions characterised by iron excess. I 
would therefore be glad to be allowed to refer to certain 
aspects of the contribution by Golberg and Smith 1 
on iron overloading and hepatic vulnerability. 
In discussing the relevance of their experimental observa-
tions to human siderosis, they refer to siderosis in the South 
African Bantu. Regarding the retiology of this phenomenon, 
they state, inter alia, " Gillman and Gillman 2 point to dis-
ordered metabolism of the hepatic cell; Walker and Arvidsson 3 
draw attention to the heavy level of dietary iron. Both are 
partially correct. The amount of iron present in the liver is far 
too great to have arisen solely from disrupted mitochondria 
as the Gillmans assert, unless these mitochondria were loaded 
with iron in the first place; on the other hand, the dietary iron 
alone cannot adequately account for the enormously enhanced 
absorption from the intestine." As one responsible for the 
iron " overload " hypothesis on Bantu siderosis, I should like 
to challenge the latter part of this statement, and inquire upon 
what evidence their view is based. 
First, regarding the amount of iron involved in siderosis in 
the Bantu, on the basis of Wainwright's ' investigation in 
Durban, Bantu with intense siderosis (who incidentally form only 
a small percentage of Bantu siderotics) may gain about 10 g. 
excess iron over the period of say 10-20 years. This involves 
the accretion of 500-1000 mg. excess iron per annum, i.e., 
1 ·5-3·0 mg. iron per diem. Now the balance studies of Fowler 
et al.' and of Gram and Leverton 6 show that iron intakes of 
the order ingested by the Bantu (up to 200 mg. iron per diem) 
are associated with absorptions far in excess of 1 ·5-3·0 mg. 
per diem. The findings in these studies are supported by 
recent investigations using radio-iron. 
(1) Bothwell et al.,' in their observations on normal subjects 
given graded doses of iron, found that the mean amount of iron as 
ferrous salts absorbed ranged between 2 and 8 mg. as the dose was 
increased from 20 to 400 mg. 
(2) Smith and Pannacciulli 8 summarised their recent investigation 
as follows: "Graded doses of iron from 0·001 to 300 mg., labelled 
with a tracer dose of Fe", have been given as a ferrous sulphate 
1. Golberg, L., Smith, J.P. Amer. J. Path. 1960, 36, 125. 
2. Gillman, J., Gillman, T. Perspectives in Human Malnutrition. New York, 1951. 
3. Walker, A. R. P., Arvidsson, U. B. Trans. R. Soc. trop. Med. Hyg. 1953, 47, 536. 
4. Wainwright, J . S. Afr. J. Lab. clin. Med. 1957, 3, 1. 
5. Fowler, W. M., Barer, A. P., Spielhagen, C. F. Arch. intern. Med. 1937, 59, 1024. 
6. Gram, M . R., Leverton, R. M. Fed. Proc. 1951, 10,383. 
7. Bothwell, T. H., Pirzio-Biroli, G., Finch, C. A. J. Lab. clin. Med. 1958, 51, 24. 
8. Smith, M. D., Pannacciulli, I. M. Brit.]. Ha,matol. 1958, 4,428. 
J4 :~ 
2 
solution to subjects without anremia and to patients with iron-
deficiency anremia, and the amount absorbed calculated from frecal 
estimations. The mean absorption in the subjects without anremia 
decreased from 33 per cent. of the 0·001 mg. dose to 12·6 per cent. 
of the 100 mg. dose, and in iron-deficient patients from 50 per cent 
to 37·5 per cent., respectively. No limit to the total amount absorbed 
was reached, the total increasing to 12·6 mg. and 37·5 mg., 
respectively, from the 100 mg. dose in the subjects without anremia, 
and in the iron-deficient group. A further increase occurred when 
300 mg. were given." 
(3) The St. Louis workers, Brown, Dubach, and Moore • have 
investigated the extent of the block to iron absorption produced 
by large doses of inorganic iron given several hours before a tracer 
dose tagged with "Fe. The finding most specifically relevant to the 
South African Bantu is discussed as follows : " The degree of block 
to iron absorption demonstrated in normal subjects is certainly 
inadequate to prevent the absorption of unneeded iron from the diet. 
One would have little difficulty, for example, in explaining the large 
tissue iron accumulation in Bantu natives, whose diet has been 
estimated to contain as much as 200 mg. of iron per day. Using 
figures derived from our observations on normal subjects, a ' block ' 
in the Bantu would reduce absorption from an expected 34 mg. to 
23 mg. This would still yield an increment of iron for shunting to 
storage depots of 22 mg. in excess of the adult male's estimated daily 
requirement.,, 
The foregoing studies concern the short-term response to a 
high iron intake by white persons unused to such an occurrence. 
There is no corresponding information on the Bantu-another 
race and habituated for years to excessive ingestion of this 
element. One must be cautious, therefore, over extrapolation. 
Nevertheless, I submit that there is no evidence against the 
hypothesis that the high iron intake of the South African 
Bantu can account for the enhanced absorption from the 
intestine, and for the siderosis so common among these people. 
This does not imply that the high iron intake is the only 
factor involved. 
I also wish to refer to the statement of Golberg and Smith that 
" of the factors which may be concerned in Bantu siderosis, a 
low protein diet suggests itself". I am not aware of unequivocal 
evidence on humans that favours this view. 
South African Institute 
for Medical Research, 
Johannesburg. ALEXANDER R. P. WALKER. 
9. Brown, E. B., Dubach, R., Moore, C. V. J. Lab. c/in. Med. 1958, 52,335. 
Printed in 
Great Britain 
The Lancet Office, 




SIDEROSIS IN THE BANTU 793 
Bone Marrow 
On gross examination, the bone marrow, in cases with moderate and 
severe siderosis of the liver, was rust colored. Microscopic examina-
tion confirmed the presence of intracellular and extracellular iron pig-
ment deposits. Numerous hemosiderin-containing macrophages have 
been observed also in marrow smears from Bantu patients. In one 
case of generalized idiopathic osteoporosis there was collapse of the 
vertebrae with fibrosis. The new fibrous tissue was very heavily infil-
trated by iron-laden histiocytes. 
Brain and Choroid Plexus 
In no case was iron pigment found in the brain substance. On 
naked-eye examination the choroid plexus was of normal color and 
microscopically only miaimal epithelial deposit was found in 2 of 4 
very severe cases. 
Voluntary Muscle 
In 2 of 7 cases with severe visceral siderosis, very scanty pigment 
deposits were noted in the voluntary muscle of the tongue. 
Lymph Nodes 
According to the degree of hemosiderin deposition, the gross colora-
tion of the nodes varied from normal to light brown or rust. On sec-
tion, iron pigment first appeared in histiocytes lying in the medullary 
and subcapsular sinuses. In more severe cases, the deposits were both 
intracellular and extracellular. In some patients the nodes showed 
solid masses of hemosiderin granules, surrounding relatively normal 
lymph follicles ( Fig. 11). Even in the most heavily affected nodes, 
fibrosis was not a feature. 
The distribution of hemosiderin in the abdominal nodes followed a 
definite pattern. Those in the porta hepatis, pancreatico-splenic, and 
upper mesenteric groups contained the most iron pigment. The lymph 
nodes in the mesentery and those draining the doudenum and upper 
jejunum contained large deposits ( Fig. 1 o), but those draining the 
ileum and colon, little or none; in mild cases, only the jejunal and 
duodenal nodes contained hemosiderin. In 3 cases examined, in which 
very scanty iron-laden macrophages were found in the jejunal mucosa, 
there were moderate pigment deposits in the corresponding jejunal 
lymph nodes and the nodes of the porta hepatis. In severe cases, 
heavy pigmentation was observed also in the glands of the lesser 
curvature and in the para-aortic group. In such patients, scattered 
,, 
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hemosiderin-laden macrophages frequently were noted also in the. 
tracheobronchial, inguinal, axillary, and cervical nodes. The pattern 
of lymph node involvement was confirmed microscopically in 60 nodes, 
but in other necropsies the same pattern of involvement could easily 
be followed with the naked eye. 
Lung 
Hemosiderin deposits usually were scanty and limited to the inter-
stitial tissues of the lung. In 4 cases with heavy liver pigmentation, 
large granules of hemosiderin were found obstructing some of the 
alveolar capillaries. 
Other Pigments 
In many livers a golden brownish pigment ("wear and tear" pigment) 
was found in the liver cells. This could be demonstrated by basic 
fuchsin . Iron was not demonstrated by the method used in this investi-
gation. This pigment stained poorly or not at all with the periodic acid-
Schiff's method, and it was sometimes sudanophilic even in paraffin 
sections. Although this pigment generally was more frequent with 
increasing age, the relationship was not absolute. Whereas hemosiderin 
was first found at the periphery of the lobules, this pigment was most 
marked at the center. In many cases the centrilobular cells contained 
"hemofuscin" but no hemosiderin, whereas at the periphery, iron pig-
ment was present but no fuchsinophilic pigment. There was no correla-
tion between the presence of this pigment and the degree of siderosis. 
A similar pigment which sometimes stained with the periodic acid-
Schiff's technique was found in the heart muscle. 
In addition, in many siderotic cases a further fuchsinophilic pigment 
was found. It was noted in the fibroblasts and macrophages of the 
portal tracts, the epithelium of the biliary ducts, the interstitial tissues 
of the pancreas, the capsule of the lymph glands and spleen, the myo-
cardium, and in the smooth muscles of the blood vessels, muscularis 
mucosae, and myocardium ( Fig. II). It also was found occasionally 
in voluntary muscle, in the choroid plexus, and renal tubules. In case 
25, the lymphatics of the submucosa were outlined by hemosiderin 
and fuchsinophilic pigment (Fig. 12). The color of this pigment varied 
from gray to brown in unstained paraffin sections. It differed from 
"wear and tear" pigment in that it was generally stained strongly by 
the periodic acid-Schiff's technique. Frequently it stained with Sudan 
black, even in paraffin section. It did not show iron. Its presence was 
variable and although usually most marked in severe siderosis this 
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It must be emphasized that this pigment, although constantly fuch-
sinophilic, showed considerable variation in its staining reactions in 
organs from various parts of the body. 
Although looked for in many cases, no ferrous iron was demon-
strated in appropriately stained sections of the liver and spleen. 
DISCUSSION 
In Table VI we have compared our observations on the major 
clinical and morbid anatomical features of Bantu siderosis with those 
in hemochromatosis and transfusional hemosiderosis as reported in 
the literature. For present purposes, idiopathic or classical hemochro-
matosis will be ref erred to as hemochromatosis. 
Clinical Findings 
According to the observations of Strachan/ Gillman and Gillman,3 •32 
and from our present series, siderosis occurs very frequently in adult 
Bantu subjects examined at necropsy. It is rarely observed in the 
young, increases with age, and appears to affect males slightly more 
than females. The maximum incidence of hemochromatosis is in the 
fifth decade. 
Diabetes mellitus was not common in our series. It is found in 78 
per cent of the reported cases of classical hemochromatosis.7 Accord-
ing to Brown et al.,21 it has been reported in 5 of 40 cases of trans-
fusional hemosiderosis. 
Gross and Microscopic Findings 
The general pattern of hemosiderin deposition in this series was 
similar to that reported by other local authors.1•3 •4 
On naked-eye examination, deposition of hemosiderin was most 
marked in the abdominal lymph nodes, spleen, liver, jejunum, and 
bone marrow, and was negligible or absent in the heart, pancreas, 
stomach, suprarenal and thyroid glands. The findings were confirmed 
by microscopy and chemical analyses in selected cases. The basic pic-
ture was that of storage in the liver and the reticulo-endothelial sys-
tem. 
The concentration of iron in the spleen was almost invariably 
greater than in the liver, even in mild cases. In hemochromatosis the 
iron content of the spleen is usually much lower than in the liver and 
concentrations of the degree observed in severe Bantu siderosis have 
not been reported. We have been able to find descriptions of only 2 
cases of hemochromatosis in which the concentrations in both organs 
:, 
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TABLE VI 
Comparative Features of Siderosis in the Bantu, Idiopathic Hemochromatosis, 'and 
Transfusional H emosiderosis 
Siderosis 
in the Bantu 
Incidence Very common in the 
Bantu 
Age Increases with age 
Sex Males affected earlier 
and more severely 
than females 
Diabetes Very rare 
Hematologic Normal 
picture 
Serum iron Frequently abnormally 
high 
Liver 
Cirrhosis Present in one fourth 
of severe cases 
Weight Variable 
Iron content High in advanced stage 
Pancreas 
Fibrosis Rare and unrelated to 
degree of siderosis 
Hemosiderin Present only in 
severe cases 
Spleen 
Weight Within normal limits 
Iron content Very high 
Stomach Usually no epithelial 
iron present 
Intestine Much pigment in villi 
of upper small bowel 
Heart Iron pigment rarely 
observed 
Bone marrow Heavily iron pigmented 
Type of iron Essentially in reticulo-
distribution endothelial system 
* Mainly after Sheldon.7,26 
t Rath and Finch.49 
Idiopathic Transfusional 
hemochrom~tosis• hemosiderosist 
Very rare Very rare 
Maximum incidence in No specific age 
middle age 
Males: females= 20: 1 No difference between 
sexes 
78% of cases Has been reported 
Normal Associated with blood 
dyscrasias 
Usually increasedt Usually increased 
Invariably present Portal fibrosis 
frequently reported 
Usually increased Variable 
High in advanced stage Depends mainly on 
number and volume 
of transfusions 
90% of cases Sometimes found 




Iron usually found in Sometimes found 
epithelial cells 
Slight pigmentation of Not reported (not found 
villi in one case examined 
by us) 
Hemosiderin present 
in 90% of cases 
Sometimes pigmented 
Little or no iron pig- Iron pigment 
ment present occasionally observed 
Essentially parenchymal Both systems equally 
involved 
+ Abstracted mainly from Schwartz and B!umenthal,11 Wyatt et al.,12 Brown et al.21 
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were similar, namely, the cases of Bernoulli 7a ( cited by Sheldon 7 ) and 
Vogt.33 Several authors have emphasized the relatively small amount 
of hemosiderin found in the spleen,7•21 and our findings are in agree-
ment ( cases 2 6 and 2 7). In 2 cases of transfusional hemosiderosis 
which we studied, the concentration of splenic iron was approximately 
equal to that in the liver ( 2 to 3 per cent). In animals which had 
received iron by injection, Polson 19 found a late reduction in the con-
centration of splenic iron after an early rise, due to increased storage 
in the liver. If, however, Bantu siderosis and hemochromatosis are 
considered basically similar conditions, it is difficult to explain the 
different concentrations of iron in the spleen on this hypothesis. 
A striking feature of this series was the absence of pancreatic pig-
mentation in the majority of cases. Even when hemosiderin deposits 
were marked in the liver and spleen, the pancreas showed only scat-
tered iron-laden interstitial macrophages; in only a few very severe 
cases was iron pigment seen in the glandular and islet cells and then 
usually only in traces. This is in contrast to hemochromatosis in which 
heavy iron pigmentation is invariably present, the iron content aver-
aging roo times the normal average value.7 
The absence of significant hemosiderin deposits in the epithelial 
elements of the stomach, the thyroid, salivary, and suprarenal glands, 
and the myocardium is also in striking contrast to hemochromatosis 
where these organs are almost invariably pigmented. 
Although slight hemosiderin deposits occur in the intestinal villi in 
hemochromatosis,7 massive pigment deposition in the jejuna! and the 
duodenal mucosa, as found in our cases, is not a feature. Such de-
posits, however, are noted in the intestines of rats and guinea-pigs 
which have ingested large amount of iron 23 •34 ; and in mice 16 and dogs/ 
after the injection of saccharated iron. Cappell 16 considered these de-
posits to arise from the re-absorption of intestinal iron which was of 
either dietetic or biliary origin. Such deposits have been reported in 
transfusional hemosiderosis in man,35 but in many reports on this 
condition, no specific mention of intestinal pigmentation has been 
made. In one of our 2 cases of transfusional hemosiderosis, in which 
the concentration of liver iron was 2 .58 per cent of the dry weight, no 
hemosiderin was observed in the jejuna! villi. 
It seems reasonable, therefore, to regard the upper portion of the 
small intestine as an area of high iron activity, possibly related to 
absorption. Further, where pigment deposits were large, the endo-
thelial cells of the submucosal lymphatics of ten contained iron pig-
ment, as did the corresponding lymph nodes (Figs. ro and 13), and 
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relatively little iron was observed in the ileum or colon and their lymph 
nodes. On anatomical grounds, this suggests that these increased 
hemosiderin deposits were derived from active absorption in the small 
intestine, rather than by retrograde spread in the mesenteric lym-
phatics. 
The fine portal fibrosis described in the liver of Bantu patients at 
all ages has been confirmed. Such tracts show varying degrees of 
fibroblastic activity and cellular infiltration. As the proportion of 
patients with cirrhosis in each decade does not increase markedly, 
these proliferative changes in the portal tracts probably may cease to 
progress at any age, and cirrhosis is not an invariable result. This is 
also the opinion of Gillman and Gillman,32 who, considered these 
changes nutritional in origin. In the majority of .cases, this cirrhosis 
is of a fine multilobular type, fibrosis apparently being the dominant 
feature and not necrosis. Our findings are very similar to those of 
Vint 36 in East Africa. 
All degrees of siderosis were found accompanying these various 
histologic patterns. Only one fourth of the cases with severe siderosis 
showed cirrhosis. In 7 cases with cirrhosis, hemosiderin deposition was 
absent, and conversely, 11 severely siderotic livers showed no signifi-
cant portal fibrosis. 
Gillman and Gillman 3 classified their cases of Bantu siderosis, first, 
by the degree of fatty changes in the parenchymal cells, and secondly, 
according to the distribution of hemosiderin in the liver cells, Kupffer 
cells, and portal tracts. They considered these types to represent vari-
ous stages in the evolution of classical hemochromatosis. It is very 
doubtful whether fatty change in the liver can be related to siderosis 
which is usually first observed in the third decade, whereas the ma-
jority of fatty livers found by these authors among the Bantu were in 
patients with kwashiorkor, dying during the first 2 years of life. This 
has been our experience also. In Uganda, kwashiorkor with fatty 
liver is common,37 but siderosis in adults is not observed.38 In our 
series there was no relationship between pigmentation and fatty 
change, the latter appearing to be dependent upon the primary disease. 
We also have observed no correlation between the concentration of 
iron in the liver and the distribution in the parenchymal cells, Kupffer 
cells, and portal tracts. For these reasons we consider the absolute 
concentration of hepatic iron a better index of the evolution of Bantu 
siderosis than the pattern of pigment distribution in the liver. Further, 
in our opinion it is inadequate to base any classification of siderosis on 
the pattern in the liver without considering the general distribution in 
the body. 
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It is, of course, dangerous to dogmatize on the evolution of a dis-
ease from the static picture at necropsy. However, although slight 
deposits of hemosiderin have been reported in chronic bacterial dis-
eases,39 in the majority of our cases with slight or moderate siderosis, 
the pigmentation could not be so ascribed. We consider it reasonable 
to accept these as representing an early stage in the evolution of Bantu 
siderosis. 
Cappell 16 showed that after the injection of saccharated oxide of 
iron in mice, the iron first appeared in the cells of the reticulo-endo-
thelial system, and shortly after in the epithelial cells of the liver. On 
this account, and arguing by analogy from Cappell's experiments, we 
consider cases with only reticulo-endothelial involvement to represent 
the earliest stage in evolution. We also believe that the development of 
the morbid anatomical pattern in this series is very similar to that 
described in mice by Cappell. It is possible that the 8 livers in which 
parenchymal iron alone was present correspond to those livers in mice 
in which new non-iron-containing Kupffer cells have replaced the older 
cells. In Bantu siderosis, it appears that not until the concentration 
of iron in the liver cells and reticulo-endothelial system is high, can 
hemosiderin be demonstrated histologically in the parenchymal cells of 
the heart, pancreas, and salivary and thyroid glands. Although chemi-
cal estimation shows some increase in the iron content of these organs, 
this is probably mainly due to hemosiderin-laden phagocytes and ex-
tracellular deposits in the interstitial tissues. Epithelial hemosiderin 
deposits can, however, usually be demonstrated in the pancreas, thy-
roid and suprarenal glands, and heart when the concentration of 
hepatic iron approaches 3 per cent dry weight and splenic iron s per 
cent dry weight, approximately. In contrast, in cases of hemochroma-
tosis, even when the concentration of hepatic iron is as low as r to 2 
per cent dry weight, it is usual to observe considerable pigment in the 
parenchymal cells of the heart, pancreas, and thyroid gland.7 In re-
viewing the distribution of iron in hemochromatosis, as described by 
Sheldon and later authors, we agree with Brown et al.21 who considered 
that in hemochromatosis, storage even in the early stages is essentially 
in the parenchymal tissues. On the other hand, it appears to us that 
Bantu siderosis is mainly storage of excess iron initially throughout 
the general reticulo-endothelial system and in the liver cells. Iron pig-
ment was not observed in this series in the parenchyma of organs other 
than the liver in the absence of heavy involvement of the reticulo-
endothelial system. It is not possible, however, to distinguish between 
Bantu siderosis, hemochromatosis, or transfusional hemosiderosis by 
chemical or histologic examination of the liver alone. Although epi-
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thelial deposits may be considerable, as illustrated by Gillman and 
Gillman 5 in Figures 156 and 167, and in case 25 of our series, we 
consider that the distinction from hemochromatosis can usually be 
made by the predominantly reticulo-endothelial involvement. 
In transfusional hemosiderosis, the appearance of hemosiderin in 
the epithelial elements occurs at an early stage. This may be partly 
due to rapid overload of the reticulo-endothelial system because of the 
short period in which the condition develops. In some cases of trans-
fusional hemosiderosis an identical pattern to that found in hemo-
chromatosis has been described; in others the picture resembles our 
cases.35 It is, however, possible that the degree of epithelial involve-
ment in all three conditions may depend on the length of time during 
which they develop. 
The relationship of cirrhosis and hemosiderin deposition has re-
ceived considerable attention. The presence of increased fibrous tissue 
in the liver and pancreas in transf usional hemosiderosis has suggested 
that iron-pigment can produce fibrosis.11 This view is not held by 
Wyatt, Mighton, and Moragues.12 The histograms in Text-figures 1 
and 2 show that there is a high incidence of severe hemosiderosis in 
cirrhotic cases. But of 7 livers with cirrhosis without hemosiderosis, 
5 were from patients under. 35 years of age, whereas all but 2 of the 
severely siderotic livers with cirrhosis were in subjects over 40 years. 
The frequency of both siderosis and hepatic fibrosis increases with age, 
and the apparent relationship may, accordingly, be fortuitous. Further, 
it is difficult to explain the lesser degree of siderosis observed in livers 
from female subjects, if fibrosis and siderosis are causally related. 
As iron-laden reticulo-endothelial cells tend to migrate to the hepatic 
lymphatics, 16 there is possibly a tendency in siderosis for iron pigment 
to collect in enlarged portal tracts, causing the histologic picture seen 
in Figures 5 and 6. This might explain the correlation between severe 
cases of hemosiderosis and cirrhosis. On the other hand the degree of 
fibrosis in individual portal tracts was unrelated to the amount of ir~n 
pigment present in them. In some tracts, only a few iron-laden macro-
phages were seen; in other tracts in the same section, massive deposits 
were observed. 
It has been stated that in hemochromatosis, fibrosis of the pancreas 
and spleen is a function of hepatic cirrhosis, and is unrelated to iron 
deposition.4° Fibrosis of the spleen, lymph nodes, and intestinal villi 
was not a feature of our cases and there was no correlation between the 
degree of siderosis and pancreatic fibrosis, when present. Deposition 
of hemosiderin does not produce fibrosis in animals.16•20•21 For these 
' 
SIDEROSIS IN THE BANTU 801 
reasons we agree with Gillman and Gillman a2 that fibrosis cannot be 
regarded as dependent upon hemosiderin deposition. Further, fibrosis 
and cirrhosis of the liver are commonly observed in other parts of 
Africa, where siderosis has not been reported.36•38 •41 
The classification of the non-iron-containing fuchsinophilic pigments 
in the body is difficult as they show a variety of staining reactions. In 
Bantu siderosis there is, however, a general increase in fuchsinophilic 
pigment. We agree, however, with Cappell 42 that the term "haemo-
fuscin" is poorly defined and suggest that until these various pigments 
have been adequately classified they should be described according to 
their staining reactions. 
ETIOLOGY 
The hypothesis that siderosis in the Bantu is due to metallic poison-
ing 1 has received no confirmation. Sheldon 7 suggested that parasitic 
infestation may be responsible; but we regard this as unlikely, as has 
been shown by Gillman and Gillman.3 
Gillman and associate workers 2•4 ,32 maintained that malnutrition 
and pellagra cause hepatic damage, with deposition of hemosiderin in 
the liver cells ( cytosiderosis) ; later, this is followed by excretion of 
iron in the bile, with consequent reabsorption and widespread iron 
deposition ( siderosis). Our post-mortem findings, however, indicate 
that iron deposition is widespread in the reticulo-endothelial system 
from the beginning, and division into two stages is not possible. More-
over, we wish to reiterate that it is unwise to isolate changes in the 
liver from those in the rest of the body. 
If iron deposition was a feature of pellagra in South Africa, one 
would expect an approximately similar histologic picture in all cases 
of acute pellagra on admission to hospital, if the metabolic processes 
involved were similar in each. This was not reported by these authors, 
nor has it been our experience. Further, our liver biopsies from 
patients suffering from many different diseases have shown the same 
range of histologic pattern. 
In undernutrition and starvation, hemosiderin deposits occur in both 
liver and spleen.11 This is associated with general atrophy of the 
organs, and has been ascribed to breakdown of tissue. In our series, 
many patients were clearly not optimally nourished, but significant 
visceral atrophy was not observed, even on microscopic examination. 
In the Japanese series 14 the average weight of the liver was 900 gm., 
as against 1550 gm. in severe siderosis in this series. Further, one 
fifth of our patients with marked siderosis were apparently well nour-
' 
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ished. While undernutrition and infection may accentuate pre-existing 
siderosis in the Bantu, we do not consider these factors of major im-
portance in the etiology of the condition. 
It has been found that when mice, rats, and dogs are fed a corn 
grit diet, abnormal deposition of iron occurs, such deposition being 
aggravated by a high iron intake.6•23 •24 This phenomenon was found 
to be due almost wholly to a deficiency of phosphorus. We have been 
able to find no reports of such studies in man. In one case of hemo-
chromatosis examined by Bothwell 43 no effect was noted on iron ab-
sorption by the addition of phosphates to the diet. It is doubtful, 
moreover, whether deficiency of this element could be involved in 
Bantu siderosis, since the high cereal diet of these people is rich in 
phosphorus. 
Allusion has been made also to the observation that when rats, 
rabbits, and dogs ingest an abnormally large amount of iron, excessive 
absorption, retention, and deposition occur, even when the diet con-
sumed is adequate. Walker and Arvidsson 44 reported that large 
amounts of adventitious iron are frequently present in the diet of the 
Bantu, as much as 200 mg. per day being ingested. Walker 45 consid-
ered that there is enough published experimental evidence in man to 
show that this intake is sufficiently high to permit unrequired iron to 
be absorbed, retained, and deposited in the body; and that this may 
perhaps account for the condition under consideration. Further in-
formation is needed, of course, on the effects of malnutrition plus high 
iron intake on iron absorption in man before this view can be accepted 
or rejected. 
The etiologic fault in hemochromatosis is unknown. Sheldon 7•26 
suggested that there is an inborn error of metabolism. Granick 46 put 
forward the hypothesis of increased iron absorption due to a greater 
reducing tendency of cells for iron. That such a high absorption does 
exist in some acute cases has been shown,47 although this phenomenon 
may be secondary. Althausen et al.48 did not consider malnutrition to 
be an etiologic factor. Despite these uncertainties, it will be apparent 
from evidence presented in this paper that the morbid anatomical pat-
tern of hemosiderosis in idiopathic hemochromatosis is different from 
that observed in Bantu siderosis. This fact, together with the other 
points discussed, suggests that it is improbable that the two conditions 
are due to the same abnormality. 
SUMMARY 
In the South African Bantu, siderosis is a common phenomenon. 
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Its morbid anatomical features and the pattern of iron distribution 
(histologic and chemical) have been described. 
It has been suggested that iron storage occurs principally in the 
reticulo-endothelial system and liver and not until heavy deposits are 
present in this system does the element appear in the epithelial tissues. 
This basic pattern of storage in the liver and reticulo-endothelial sys-
tem continues to be observed, even in severe cases. By contrast, in 
classical hemochromatosis, iron storage is believed to be mainly 
parenchymal. 
The relationship of hepatic fibrosis to siderosis has been examined. 
It has been confirmed that varying degrees of portal tract fibrosis in 
the liver are a frequent incidental observation among Bantu patients. 
No constant correlation was found between the degree of fibrosis and 
the amount of iron pigment in the liver. Further, cases of severe 
siderosis were seen without cirrhosis, and conversely, cases of cirrhosis 
without siderosis. Fibrosis was not observed in other markedly hemo-
siderotic organs. 
The possible etiology of the condition has been discussed. It is 
unlikely to be due to metallic poisoning or parasites; it is doubtful 
whether undernutrition, malnutrition, or pellagra can be regarded as 
major etiologic factors. The possibility of oral iron overload occurring 
among these people would seem to merit further investigation. Finally, 
the different pattern of iron deposition in idiopathic hemochromatosis 
and Bantu siderosis argues against these conditions having a common 
etiology. 
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LEGENDS FOR FIGURES 
Unless otherwise stated, all sections are stained for iron-containing pigment by 
hot potassium ferrocyanide and hydrochloric acid, and counterstained with basic 
fuchsin. 
FIG. r. Section of liver showing the slight portal fibrosis which is common among 
Bantu patients. Hematoxylin and eosin stain. X 105. 
FIG. 2. Fine multilobular cirrhosis in non-pigmented liver. Hematoi..-ylin and eosin 
stain. X 105. 
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FIG. 3. Section of liver from case 14. Hemosiderin is almost entirely confined to 
the Kupffer cells. The spleen in this patient showed moderate iron pigmentation. 
X 140. 
FIG. 4. Large hemosiderin granules filling the parenchymal cells of the liver. This 
iiver was classified as structurally normal. X 180. 
FIG. s. This section shows Kupffer cells containing dense masses of hemosiderin 
lying in the sinusoids of the liver. In addition, heavy deposits of intracellular 
and extracellular pigment are present in the portal tracts. X 180. 
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FIG. 6. Severe siderosis of cirrhotic liver (c:ise 25). X 210. 
FIG. 7. Infiltration of hemosiderin-laden macrophages into an area of fibrous scar-
ring in the liver. Hematoxylin and eosin stain. X 210. 
FrG. 8. Dense masses of hemosiderin in splenic pulp. X ~Io. 
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FIG. 9. Heavy hemosiderin deposits in substanlia propria of duodenal villi. No pig-
ment was found in Brunner's glands. X 1 8 0 . 
FIG. ro. Low-power view of duodenum and draining lymph glands. There are heavy 
deposits of hemosiderin in mucosa and glands. Same case as that from which 
Figure 9 was derived. X 2 0 . 
FIG. r r. Dense masses of hemosiderin in portal lymph gland. The lymph follicle is 
relatively unaffected. X 180 . 
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F IG. 12. Hemofuscin pigment in cells of musculari s mucosae of lhe stomach. Periodic 
acid Schiff 's stain . X I 20 0. 
FIG. 13. Submucosal lymphatic in jejunum. The pigment (A) is hemosiderin; lhe 
finer granules (B) are fu chsinophili c pigment. X 525. 




HEMOCHROMATOSIS IN THE SOUTH AFRICAN BANTU 
To the Editor: Their paper, "Hemochromatosis Ter-
minating in Polycythemia and Hepatoma, with Observa-
tions on the Natural History of Hemochromatosis," by Jandl 
et al., which appeared in the November 14 issue of the 
Journal. alluded to the abnormal iron deposition or siderosis 
in the South African Bantu. Referring to the recent book 
by Bothwell and Finch,' these workers state, "Malnutri-
tion and a high iron intake are common in the South 
African Bantu, who have a high incidence of a disorder 
similar to idiopathic hemochromatosis in the Northern 
Hemisphere." I should be grateful to be allowed to seek to 
put the local situation in better perspective. 
High iron intake. There is no dispute that the diet of 
adult Bantu. intermittently, is very high in iron content,' 
and an ingestion of over 100 mg. per diem is common at 
weekends and on festive occasions. The sources of the 
adventitious iron are the iron vessels used in the prepara-
tion of -fermented cereal preparations, particularly "kaffir 
beer" ( derived from maize and "kaffir corn," sorghum vul-
gare) .2 
Malnutrition. As in many countries with large under-
privileged populations, malnutrition is present to a certain 
degree especially among the very young. Among Bantu 
adults. malnutrition certainly occurs although it is less com-
mon than in populations in other parts of Africa and India 
that I have visited. The salient point that I wish to make, 
however, is that there is no evidence that malnutrition 
per se is a factor of primary importance in siderosis in the 
Bantu.• To quote from Bothwell and Finch,' "It has been 
postulated that the increased iron absorption is the result 
of a widespread metabolic defect induced by chronic mal-
nutrition. There is, however. no firm evidence to support 
this contention and it is perhaps noteworthy that the de-
gree of siderosis appears to be the same in apparently 
well nourished subjects." Recently, we have attempted to 
throw further light on this aspect bv using urinary nitro-
gen partition ( urea nitrogen to total nitrogen percentage, 
and urea to creatinine ratio) as a reflection of protein in-
take status, and elevation of serum iron as an approximate 
index of intensity of siderosis. First of all, we have found 
that groups of Bantu adults with approximately equally 
high iron intakes have equally high elevations of se-
rum iron, even when wide differences in status of protein in-
take obtain. Secondly. we have studied groups of adults on 
roughly the same level of protein intake, but differing con-
siderably in iron intake; the mean serum iron level was 
found to correlate with the mean level of iron intake. 
These results support the view that state of nutrition is not 
a maior influencing factor in the occurrence of iron "over-
load." As I submitted many years ago,' and recently re-
iterated.'· excessive iron intake is the primary etiologic fac-
tor in Bantu siderosis, and there is no need to invoke the 
existence or operation of other basic causative factors. 
Distribution of iron in the body. In .Johannesburg sig-
nificant siderosis is present in about 70 and 25 per cent of 
adult males and females respectively.' In the large ma-
jority of those a_ffected iron is confined to the liver and 
reticuloendothelial system.5 But, again, to quote Bothwell 
and Finch': "a small proportion of Bantu subjects do de-
velop quantities of iron in the body of a similar magni-
tude to that found in idiopathic hemochromatosis. and 
when this occurs the distribution of iron is ve ry similar 
to that found in the classical disease." In one study the 
small proportion referred to was approximately 3 per cent 
of adults studied at autopsy.' 
H emochromatosis in the Bantu. Diabetes is less com-
mon in Bantu compared with whites'; it is doubtfu l if the 
disease is present in more than 3 per cent of adults over 
forty years of age. One local clinical study has indicated 
that about a fifth or less of Bantu diabetic patients suffer 
from idiopathic hemochromatosis'; it should be empha-
sized, however, that this figure refers to a hospital popula-
tion, and the incidence of hemochromatosis in the gen-
era! African diabetic population may well be a good deal 
lower. 
Briefly, then, although high iron intake and siderosis 
are very common in Bantu adults, only a small proportion 
have an iron distribution similar to that in hemochromato-
sis, and a still smaller proportion may be regarded as suf-
fering from idiopathic hemochromatosis. 
ALEXANDER R . P. WALKER, P H.D . 
South African I nstitute for Medical Research 
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Dr. Walker's letter was referred to the authors of the pa-
per in question, who offer the following reply: 
T o the Editor: Dr. Walker's observations concerning 
iron overload in the South African Bantu have created con-
siderable interest in the medical community for a number 
of years, and have had much to do with directing atten-
tion to unsuspected sources of dietary iron. We have not 
proposed that malnutrition necessarily affects the absorption 
of dietary iron , although it may well do so, but rather that 
malnutrition may affect the distribution of iron once ab-
sorbed, as is apparently true of megaloblastic anemia and 
folic acid deficiency, a situation frequent in patients with 
alcoholic cirrhosis.'-' Nor do we doubt that a h igh iron 
intake engenders an increase in body iron, for isotopic 
studies have made it clear that the more iron one ingests, 
the more one absorbs. Whether increased iron absorption 
per se causes hemochromatosis, however, is disputed. Our 
conclusion from the case reported is limited to the state-
ment that some adults considered to have "idiopathic" he-
mochromatosis in fact have a combination of liver injury 
and high iron ingestion. 
Other sources of local South African perspective have 
emphasized the prevalence of malnutrition in the Bantu. ' 
Dr. Walker has emphasized the prevalence of dietary 
iron overloading. We have taken the liberty of assum ing 
that the two situations may ofren coexist. When we 
spoke of a high incidence of hemochromatosis in the Bantu 
we considered a 3 per cent incidence to be on the high 
side. I n the United States this would amount to about 
6,000,000 cases rather than the 10,000 to 30 000 one would 
estimate on the bases, respectively, of po'st-mortem and 
ante-mortem surveys.' 
Boston 
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